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PREFACE 


T his Record of the productive effort of British Industry during the 
war is a reprint in book form of “ The Times Record of British 
War Production, 1939-1945,” published at the end of the war for 
circulation abroad. It has been compiled from articles contributed by 
Staff Correspondents of The Times or by other writers each of whom 
had an intimate knowledge of the branch of industry or Government 
Department concerned. 

No account of so vast an achievement can be entirely complete, nor 
can it deal individually with all the industries which contributed to the 
final victory ; but the survey to be found in the ensuing pages shows how 
British Industry responded to the demands made upon it in war-time and 
proves its power to adapt itself to the scarcely less exacting demands of 
the future. 
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FOREWORD 

by the Rt. Hon. OLIVER LYTTELTON, D.S.O., M.C., M.P. 
M1N151ER OF Production from March. 1942 . to July, 1945 


V ICTORY in the War of 1939*45 was won not only on the battle* 
held, on the sea and m the air, but in the workshops and factories 
of the Allied Nations. 

In this Record there is collected together, for the first time in one 
document, a comprehensive summary of the many and varied aspects of 
Britain’s achievement in w'ar production. And a truly remarkable achieve¬ 
ment it was. 

Of all the munitions used by the Armed Forces of the British 
Commonwealth and Empire (8f million men in all) since the beginning 
of the war, no less than 70 per cent was produced in the United Kingdom 
itself. The rest came from the United States of America, from Canada 
and from the other nations of the Commonwealth. The First Lord of 
the Admiralty, the Minister of Supply and the Minister of Aircraft 
Production can testify with me, who was responsible for the overall 
coordination of this vast and complex system of supply, that, noiw'ith- 
standing our own high rate of production, this aid from oversea was 
indispensable. 

In addition to what we produced for our own Forces and those of 
the Commonwealth and Empire, we made and sent substantial supplies 
to our other Allies—the United States Forces in Britain, the U.S.S.R., 
China and others of the United Nations, 

All this we had to do under conditions of almost unbelievable 
difficulty. We were bombed from the air; against this we had to disperse 
our production, to black-out our cities, our railways, our roads, our 
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factories. U-boats sank our ships bringing in our iLfe-blood., food and 
raw materials. Yet, with our imports of raw materials cut by 50 per cent., 
we achieved the highest industrial output ever attained in the history of 
our country. 

Such a prodigious effort was made possible only by the great labours 
and heavy sacrifices of the British people. All men up to age 64 and all 
women to age 59 were mobilized ; food, clothes, petrol were severely 
rationed; and supplies of other everyday things drastically limited. 
Our export trade too had to be deliberately curtailed, so that in 1943 
and 1944 it was less than one-third in volume of the 1938 level, This 
meant hardships for our oversea customers but it released over 1,000,000 
men and women hitherto engaged in making exports for direct war work. 

During all this great outpouring of effort the quality and ingenuity 
of British production have been more than maintained. We were the 
pioneers of Radar and Jet Propulsion; it was a British scientist who 
discovered Penicillin, a British engineer who invented and designed the 
Bailey Bridge; we designed and built the Mulberry harbours, the 
prefabricated portable harbours which made the invasion of France 
possible; British aircraft have proved themselves second to none in 
the world; and British scientists collaborated with American and 
Canadian scientists to develop and produce the Atomic Bomb, 

The inventiveness and ingenuity of British scientists and engineers, 
and the high standard of quality in our production, point the way to the 
future and show that we shall conquer too the problems which peace is 
bringing. 






I. THE STORY OF A GREAT ACHIEVEMENT 


I N the early summer of 1940, as the little ships 
plying between the Keul and Esscjt harbours 
and the beaches of Dunkirk strove to save 
the seeds of cventijal victory out of a 
calamitous defeat, British industry stood con¬ 
fronted by a challenge still more dnsadful than 
that which it had faced in September, 1959. 
Most of Britain's small and paLfifuBy built up 
Stocks of military equipment lay burnt or cap¬ 
tured in BelEJum ; and Brilaiii^s pcopJcp almost 
unarmed, isolated by the collapse of her Conti¬ 
nental allies, still with an economy which was 
not really geared for war, threatened with the 
cutting of her sea life-lines, stood alone against 
a fully mobilized Germany^ 

It was a challenge which, under Mr. Churchill s 
leadership, was accepted regardless of the cost 
by indLStry^ as It was by the people in ev-ery walk 
of the national life. In I93S only 6 per cent, 
of the national income was devoted to “ defence ” 
expenditure i in 1939 only about 14 per cent.^; 
and in the early summer of 1940 the nalson^s 
economy was still only about 20 per cent, 
mobilized for war. Four years latcr^ when a 
magniheentiy equipped force recrossed the 
Channel, 55 per cent, of a greatly increased 
national income—increased in large measure by 
greater numbers of workers and longer hours of 
^ork—was applied directly to the war effort. 
During those foyr fateful British mduslry 
and the British people, through deprivations 
voluntary^ and forced, through compulsion and 
direction cheerfully and willingly borne, and 
through aopreccdenled hours and intensity of 
toil, became totally harnessed to the service of 
total war. 

This IS no abstract form of words. There was 
jio individual of either sex of working age— 


and few of those beyond normal working age— 
whose work was not consciously sanctioited or 
directed as his or her most valuable contribution 
to the nation at war. ConsumpliOD was limited 
to the le^et of iKoessitjes. And a vast incre^ 
in war output, much beyond the most sanguine 
forecasts, was achieved in circumstanires which 
often involved the most difficult personal con¬ 
ditions—family separations and bereavements* 
enemy air attacks, the physically and mentally 
enervating effects of blackouts, fire-watching 
and fire-fighting, bomb-damaged homes ant! 
factories, and incessant shortages of private 
amenities from beer and tobacco to bicycliH 
and railway seats. It is claimed for the British 
people, after the most careful examination of the 
facts in all countries, that it was more fully 
deprived of its peace-time comforts and more 
fully mobilized for war than the people of any 
other country—^not excluding Germany. 

To those who saw the tired and empty-handed 
armies returning from Dunkirk and who patrolled 
the Channel diffa with nothing but make-shift 
firearms and a few minutes' ammunition in their 
hands* watching for the expected invasion in 1940, 
and who four years laten watched the Liberation 
Army sail down the Solent for the beaches of 
Normandy, armed with everything that human 
ingenuity could provide and with v^ast reserves of 
Ei^uipment and of war factories behind them, the 
change was a saga almost too great to be credible. 
All this had been prepared while great victories 
had been won in Alamcin and Tunis, Ln Italy and 
Abyssinia, in Burma and the Eastern seas, in the 
Atlantic* and in ihe skies over Britain and 
Germany. And those who gratefuJIy watched the 
American forees sailing to the same beaches from 
Plymouth or Weymouth were perhaps further 
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encouraged, as they rcQecie:d on tbo-w foLir ycais^ 
by the (bought that ai any rate Britain had failed 
nobody, and that these allies of the same blood, 
whom tngiand had greeted with retiefr watched 
with interest and curiosity in the streets of 
Englbh towns and villages, and finally taken to 
her hearty were at least helping those who had 
helped themselves. There were not many who at 
that time had any very coherent idea of ail that 
had been done in Govtrnment office and staff 
headquarters, in workshop and drawing office^ in 
the busiDcss board room, and in the burning 
streets of London, to make that translbrmalion 
possible. And it is the purpose of this record EO 
ted the story in enough connected detail for its 
pattern to be understood. 

Since European history began. Britain* racci 
by the skibsUintial populations and conscript land 
armies of the Continent, has found her greatest 
strategical problem in man-power. And it is not 
surprising that throughout the war years man¬ 
power was the dominating shonage which con¬ 
ditioned the programme. There were times when 
shipping seemed perilously light and when even 
the exhaustion of certain materials was forecast; 
but in the end the human bottleneck " wa.s the 
only one which really determined the limits of 
output. There was never anything which was 
urgently wanted but which remained unmade so 
long as there was a man or woman to make h- 
The transfeirence of man-power lo war work from 
peaceful industry p from the home, from the office, 
and from idlenEss, w-as thus at once the corner¬ 
stone and perhaps the most striking illustration of 
the whok process of convcision to war. 

In the first place there was a huge transference 
from the home and from both involuntary' and 
voluntary unemployment to indusiiiai and war 
work of some kind. The total number of men 
aged 1-4-64 and of women aged 14-59 either in 
the services or in industrial employment increased 
from 13.500,0013 in mid-l9J9 to 22,000,000 in 
mid-1944 (counting twa part-time workers as the 
equis'alent of one full-time). Not only was the 
number of hands working largely increased, 
however, but the lime worked by each individual 
was greatly lengthened also. For example, the 
average hours of work for men in the munitjous 
industries rose from 43 hours a week immediately 
before the war to 54 hours in early 1944—a far 
cry from the 40-hLiur w^k which was a widely 
recognized social objective in peace-time. 

In all, therefore, we may leckon that there was 
an, increase of aboul one-third in the total man¬ 
hours (including woman-hours) worked in the 


services and industiy'—that Ls without attempting 
the impossible task of evaluating the increase in 
the intensity of the work of those in the services 
themselves. >Mthm this global toiai, tltere was a 
hu^c shift from peaceful to warlike prodLiCtion 
and from civilian life to the services. 

To illustrate this we may make use of the 
official division of industries into three groups— 
Group L comprising the engineering and allied 
(munitions) industries. Group 2 comprising the 
basic essentials, such as public utilities, transport^ 
shipping, and food^ and Group 2 comprising 
the civilian industries proper* that is to say* 
building, textiles* clothing, distribution, pro¬ 
fessional services, &e. The number of men 
and women employed in Ihc forces, w hole-time 
Civil Defence, and the Women s Auxiliary Ser¬ 
vices rose from 550,000 in I9J9 to 5*250,000 in 
1944. The number employed in Group 1 indus¬ 
tries rose from 2,l(X),0C!O in 1939 to 5,200,000 in 
1944 ■ the total in Group 2 remained about the 
same ; while the lolal in Group 3, primarily 
civilian industries, fell from9*300,000 to 6,000^00J. 
It should be added that a vast amount of the 
output of those remaining in Group 3 industries 
was in fact going to the variou.s services. As an 
illustrative footnote, it may be added that in 
the middle of 1944 no less than 76 per cent, of 
those engaged in manufacturins industry were 
employed on Government work, and that 57 per 
cent, of men between 13 and 40 had been or were 
serving in the armed forces. The total number 
of those employed directly on munitions work 
rose from IJ 50,000 in 1939 to 4,300,000 Ln 1944. 

Most of Britain's national leaders have at 
one time or another paid tribute lo ihe great 
contribution of women to the w^r effort. And it 
is certain that the mobilization of women went 
much farther in Britain than in any other country. 
The number nf women working Lo the home felt 
by over 20 per cent, between 1939 and 1944, 
and of those remaining over 10 per cent, were 
doing part-time industrial work. The number of 
women in the services atid in direct munitions 
industries alone increased from 5t>0,OCX> tn 
2,460,000, and in the Group 2 industries from 
850,000 to L600,000. Of women aged between 
18 and 40* 90 per cent, of the unmarried and 
80 per cent, of the childless married were in 
industry or the services. 

Those were the over-all results. But naturally 
they were not reached by any smooth route- 
The changine phases of the war necessitated 
very large movements of men and women from 
one industry to another and between industry 
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and the services. The earliei; stages of ihe butid- 
up in 1941 and 1942^—stretching into 1943 in 
some cases—s;i\v the big ajcciimLiladon of reserves 
of ammunition and standard army equipment. 
Labpour was attracted and directed in large 
quantities into production of guns, shells, 
grenades, machine-guns, and mortars : building 
workers in the early stages were busy in the 
erection of new shcll-tilline factories and the 
like. By 1943 these reserves were becoming 
sufficient. And the year 1943 and early 1944, 
with ihc great offensive in prospect and strategic 
bombing increasing all the whik^ saw a big 
movemenL into the heavy bomber factories, 
into ihc making of light naval craft, bridgingp 
and communications stores, not forgetting '* Mul¬ 
berry and Pluto/' while building activity 
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transferred itself largely to airfields for the huge 
and growing American and British bomber 
forces and to camps for the large and growing 
United States forces in the United Kingdom. 
In smatlcf ways there were constant change.s in 
emphasis throughout the years of expansion. 
And jt must not be forgotten that as a result of 
these changes the task of training “ green" 
labour, though not on so vast a scale later as it 
had been in the earlier stagesi remained for¬ 
midable right up to the end of the preparations 
for D Day. 

It deed hardly be said that a transferetice of 
main-power to war purposes on this gigantic 
scale involved an immense reduction in the 
amount of goods for civilian consumption and 
couJd not have taken place without a drastic 



The 3tepping-up of Armsih indusiry to meet the needs of lou! war resulted in output which exceeded the most sanguine 
fa recasts. This photograph was taken in one ef the many British aircraft factories and shows Typhoons being assembled^ 
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curtailment—by rationing, high laxation, and 
other mEins—of the civiliaii''3 cntillemcni to coii' 
suiiic. Again^ it is doabtful whether iiny other 
belliEcnrnt redaced her ordinary consumption 
QLiite to the same extent. All luxuries disappeared ^ 
cars and moior-cydesH radio sets, refrigerators, 
sUk stockings, rubber boots, table silver^ vacuum 
deanerSp furs, pianos, tennis balls and golf clubs, 
watcheSp even armchairs and carpets—these 
things were simply not to be had and were not 
made. But even the ordinary equipment of life 
was heavily enrtaiJed. By how much^ the folJow- 
iog figures for cLvdian consumption in 1935 and 
1943 r^pectively show in cold facts, though they 
may not fully demonstrate the human discom¬ 
fort which they entailed — 


CHiILIAN CONSUMPnON 


— 

1935 1 

1943 


{millions) 

gdiDls and shoes [ pn \ n ) . 

161 

90 

Stockings and socki (pairs) 

390 

240 

Armchairs and sctlccs 

2.7 

0.1 

Woolku blaakct$ .. 

6.5 

2.2 

Brushts and brtioins 

6D 

25 

Carpeti and nigs (sq. yds.) 

34 

L5 


(thCMisands) 

Cars -. + + 

280 

Nil 

BiLycIcs 

1,600 

640 

Wireless sets 

1,900 

50 

Gramuphnne records 

20.000 

n,wo 


(millicios) 

Trunks and coses .. 

S,5. 

1.0 

Founioin pens 

9 

2 

Ladies' handbags. - 

10 

1 


Food itself suffered along with the rest. All 
luxury foods went out of circulation. Chocolates 
and sweets w'erc severely rationed, and ice-cream 
ceased to exist for several years: fruit was 
sional {It is six years since the waiier of this 
article saw a banana). But rationing saw to it that 
nfiftny of the more ordinaiy foods were eaten 
only in a strictly necessary and anstete measure. 
The following figures show that there was no war¬ 
time bclt-strelching in the United Kingdom: 



1934-38 

average 

1943 


7,63 

2,34 


3.26 

L43 

■ 'I 

30.4 

22_I8 


8.4 

5.78 

*■ * 

6.53 

4.56 


3D.58 

20-00 

. r 

27.17 

12.06 


Butter (oi.) 

Fresh eggs * - 
Fresh mcsit (oz.) .. 

Bacon ar.d ham (oz.) 

Fresh fish 
Sugar (oz.) r- 
Fresh fruit fez.) .. 

There were some slight changes in 1944 and 


1945, but in general the comparison with pre-war 
days remains the same. 

The cut-back Ln consumpiion is hard to 
measure overall, but some guide to the con¬ 
sumption of miscellaneous articles is the official 
calculation that personal expenditure on mis^ 
ccUaneous goods other than food, clothings fuel 
and light, furniture and domestic equipment, and 
cars and bicycles dropped to half the pre-war level 
at pre-w'ar prioes+ In fact-, John Bu! I has ended the 
war with his clothes very few and very thread¬ 
bare : his house (if bombs have left him with one) 
is unpainted, with dirty and tom wallpaper and 
worn out carpets and chair-covers, and his cup¬ 
board is remarkably empty of crockeryt fiJass, 
linenp furniture, and stores. Mrs^ Bun (despite 
use of Mr. Bulfs clothes coupons) Is in not much 
bener plight; and, unable to emulate Mr. Bull's 
" austerity habit of wearing socks half the usual 
length, has taken to going without stockiiigs even 
in January i six-year-old Mo-Ster Bull has ^Ib. of 
sweets and two eggs a month, no metal toys [add 
few toys, anyway)t and may ha%e had to do 
without a pram in his babyhood; but be can still 
look forward to eating the first banana (perhaps, 
if he's lucky, with the first cieani) of his life. The 
older members of the family would be prepared 
to assert that, if they have been able to buy half 
of what they did in peace-time, they havetiT been 
doing too badly. Above at! it must be remembered 
that these deprivations, tolerable enough if con- 
tinned only for a year or two, have gone on for 
long years. In the five years to mid-1944 the 
population had only three years' normal supply 
of clothing and tw^o years' supply of household 
goods. 

Bm a population cannot stint itself beyond a 
certain point if it is to keep body and souJ together 
and if St is to BO on fighting a v.-ar and producing 
goods at all. Imports were cut as far as they could 

_-tliey were cut from 55,000,000 tons per 

annum before the war to as liiile as 23,000,000 
tons in 1942, Food and animal feeding meals 
were cut to half the pre-war level—a cut of over 
10,000,000 tons. Iron ore was cut, tliroogh use of 
home sources, by over 3,000,000 tons : timber and 
wood-pulp by over 9,000,000 tons. But there is a 
limii. Weapons, before the heaven-sent relief of 
lend-lease came, had to be bought from the 
United States i wars cannot be fou^i without 
machine toots, oil, aluminium, copper, rubber, 
and wool: Britain wanted more steel than she 
cotdd produce herself. So imports had to con¬ 
tinue and had to be paid for. But exports, from 
a country' which was equipping her fighting forces 
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almost from seralch, could not be maintmoEd. 
So the nation had to Uve partly on iti fat. Old 
ovei^ea a^isets were sold and new oversea debts 
were CO ntracted to (he tune of some £4,(X)0,000,000. 
Bombed honses went no replaced and even un¬ 
repaired ; industiia! equipment was not renewed 
or fully repaired unless esscniiaJ for war ^ private 
domestic equipment wore itself out without 
replaecmenl, and the normal ddapidalion of 
buildings just accumulated. This was the price 
of vietor>^ willingly accepted. It can be repaid 
and repaired by the work of peace, where the price 
of defeat could never have been redeemed. But 
It is no light maUer. 

It is time to record what industry did with 
the millions of eager hands which by these 
various methods were put at the disposal of 
the war effort. The bare figures for the increases 
in output of various war wn^pons and materiais 
are in a sense too astronomical to convey very 
much. But a few figures for some of tlie biEgPst 
items may be desirable just to give a general 
picture. Here we compare the annual rate of 
production during the last quarter of 193^ {the 
“ phoney war ” period) with the peak rate 
subsequently reached :— 



I*rnd 

per 1 

[uctlen 

ojnurni 

— 

LaSl 

Qtr. 1939 

War 

Peak 

Machinc^guus .. 

29,200 

1D4.8C0 

SutHTTuidune guns 

Nil 

IJ 72.000 

TanliLf ., . # 

1,200 

8,600 

Tanks (weight in ions) .. 

S,S44 

208,140 

Cairriers and armoLired cars * + 

2,500 

24,400 

Shells (ffijllions) .. 

Stnall-arms ammunition 

7.S 

59.4 

(mllllaDs) 

45 

3.(H6 

Army wireless sulions (Uaou- 



saiids) .. 

12 

193 

Major war vessels (tons) 
Mosquito and other naval craft 

89,000 

346,000 

(tons) . ^ 

IIJOO 

235.000 

Naval guEts 

Aircraft, all kinds (structure 

1.760 

20,970 

weight in millions of lbs.) + 

45 

223 

Bombs (thousand tons) - - 

1& 

45S 

Aero engines 

18JOO 

63,300 

Aero engiuES repaired ^ - 

__ 

45,400 

• Negligible., 



Those peaks were not, however, reached 
simultaneously : nor was there at any time any 
question of a single set programme ejtpanding 
steadily on a broad front. 

In fact, priority needs were consLantty altering 
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and programmes were altering with them. The 
changiuE phas^ of the war, the transformation 
of the supply problem by lend-lease and later by 
the entry of the United States icilo the war, the 
switch from one cami^ign tu another, an un¬ 
expected quick ending to some major operation, 
a change in the euemy^s strategy or in his weapons 
—all were necessarily reflected in changed plans 
and production programmes. And with that 
went some fresh migration of labour, more 
re-trainiag, more new production equipment, 
changes of lay-out, and the rest Thus we find 
that in l^l and 1942 certain alms were pre¬ 
dominant ; the building up of reserves of army 
equipment for the eventual great battles and 
the building up of the navy and mercantile 
marine In face of the U-boat campaiEn were 
major aims ; so was the equipment of Aj^. 
defences in face of the Luftwaffe onslaught and 
the expansion of the heavy bomber force {which 
for several years was a major call on produc¬ 
tion). Production of field and antJ-aineraft guns, 
of shells and small-arms ammunition, all reached 
a peak in 1941 r so did that of mosquito craft, 
until wai^ip outpui actually reached an interim 
peak in 194L Thereafter, with good reserves 
accumulated, production couJd safely be 
dlininishcd somewhat in order to provide elbow- 
room for increased suppliK of other more 
urgently needed materials; and, for example, 
the rate of shell production in the first half of 
1944 was Only about 27 per cent- of the 1942 
figure, that ofsub-machine guns only about 6D per 
cenL, that of heavy A.A. equipments only one- 
third, and that of and-taiik mines about one-haJL 
The etbaw-roum thus provided w^as filled In 
1943 and early 1944 in part by the production 
of equipment specifically intended for the D Day 
Operation and in part by that of bombers and 
other aircraft required for replacement and in a 
lesser degree for further expansion as a result 
of the mounting scale of the air ofTensivc on 
the Continent. Thus the rate of output of 
miscellaxLcous vessels, including landing craft, 
was doubted in 1943 and increased again in the 
first half of 1944 ‘ outpui of Bailey bridges was 
increased threefold, and a weight of effort 
impossible to measure in precise terms went into 
** Mulberry ""{the synthetic Normandy harbours), 
" Pluto " (the cross-chaiuiel pipeline), and other 
specialities: heavy bomber production was 
tripled in comparison with 15^42, and bomb 
output approximately doubled. Indeed, it is 
also worth noticing that in pursuit of the grand 
plan the total nuntber of those engaged in all 
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industry reached a peak before D Oay+ so that 
the mavimum number could play iheir part 
actually Id the armed services when the great 
mcnient came. 

Here, perhaps, h the place to consider some 
of the expedients by which these huge expansions 
and Vride changes in the production programmes 
were achieved. The quantity of production 
jeached has been indicated ; and the technical 
achievements of British industry are reasouably 
well known—'^Mulberry’" and Pluto," the 
Lancaster and the Spitfire, R-adar and the 25- 
pounder speak Well enough for themselves. What 
is perhaps not so well known is the organiza- 
tionai obstacles which were surmounted and the 
feats of opportunisl administration which were 
Etchieved. These things were implicit in the 
iiecessity^ which Britain could not avoid, for 
making the best of what she had- 

In 1940 and 1941 time was too pressing and 
resources too small lo wait to build great new 
war plants. Ii had to be done so far as possible 
with what existed already. And done it was. 
The private car manufacEurers stripped ihcir 
assembly lines, dumped their special tools in the 
yard, ripped out the spraying booths, put all fhe 
unw^anted machines anywhere they could, and so 
contrived ii that within a remarkably short space 
of time Spitfires were goiriB out of the factory 
through the same door which a few months 
previously had seen a procession of family 
saloons. Chains gave w^ay to aircraft fuseiages, 
refrigerators to armoured carriers, knitting 
machinery^ to machinc-gufis. and printing presses 
to gun mountings and control gear. And it vs^as 
for the most part all done with the same factory 
floor space, the same staff and labour, and a 
large proportion of the same equipment and 
tools as had served for civilian goods before. It was 
in the fullest sense a “ conversion of industry . 

Britain had no breathing space in which to 
launch out into the “Willow Run"' type of 
undertaking. Such reserve capacity as she had 
available had necessarily to be used for essential 
extension of f^ilities which civil factortes could 
not provide, and for the new building involved 
by dispersion '—the scattering of vital works 
which was made necessary by iht heavy Gcmian 
air attacks of 1940 and 194L .A good many 
new shelbfilling factories were built and also a 
large num ber of small works for the manufacrun: 
of aircraft componenES and for aircraft assembly ; 
a number of small dispersed alloy steel works 
were built owing to ibc danger implicit in the 
grciit concentnition of the existing industry^ at 


Sheffield. But in the main* convension of existing 
works and facilities was the order of the day. 

The necessity for conversion of existing works 
and organizutions, and for dispersal of works 
and sometifnes of administrative organizations 
too, added not a little, as may be imagined, to 
the complications of planning and executing the 
required war output. In view of ibc In tensity 
of air attacks it bcciime a maitcf of policy not to 
concentrate the production of any war product 
□r comporuent thereof or key material at one 
place. In every case the orders were distributed 
between a number of different works. The 
result was that any single factory—more par¬ 
ticularly any single engineering factory^—was 
at ail times working on a considerable range of 
different components or assemblies. Some 
engineering works had indeed thousands^ of 
different components on the produciicm lines 
simultaneously. Another complication was the 
development ftesulting from the necessity for 
bringing all workshops, however small, Into the 
orbit of war production) of the system of using 
ihousands of very small lirnis as sutM^ontractOfS 
to the larger fums which were the direct con¬ 
tractors 10 the ser\ ice departments. The circle 
of firms working for the service departments, 
including the sut^ontractors, became enormous. 
Even the smaEcst works, LneJuding tive vast 
number of peace-time garages, were pressed into 
service, and it was quite usual to find the village 
garage working on the production of small air¬ 
craft parts or service truck repairs wiih the 
officiaJ notices of the F.sscntial Work Order 
decorating its walls. Even sonic of ihe women's 
groups and societies In the villages, which had 
never previously met for anything sicrner than 
knltttngr found thEmsclves transformed into 
rninJature engineering workshops. And many 
was the volunteer spare-time work pEirty com- 
posed of people of both se-xeSn of ages ranging 
froTTi 8 to 80, which assembled engineering com¬ 
ponents in the local nnill or blacksmith s shop. 

Another difficulty which had to be overcome 
was the production of a much larger weight 
of goods with a far smaller volume of imported 
materials. The weight of imports w-as cut down 
^nd had to be cut down—to only 40 per cent, 
of the pre-w^ar figure. A substantial part of this 
economy was obtained by savings in food and 
civil consumption goods. But much of it had 
to be obtained through generally curtailed lls£ 
of certain materials which could not be imported 
in sufficient quantity, much the most important 
of which was timber, and by increased pro- 


THE STORY Of A GREAT ACHIEVEMENT 


Lluction or raw materials at home. The biggest 
development of home proditciion was in iron 
ore and the light metals and timber. Production 
of iron ore rose from a pre-war average of 
J2,4()0,000 tons to a war peak of 19,500,000 tons : 
of timber from 450,000 tons to 3,600,(KXi tons; 
of aluminium from 18,000 to 56,000 tons : and 
magnesium from 2,000 to 23 h(XK) tons. In the 


case of timber this did not anything like cam- 
pensate for the cut in imports. And there a 
number of materials which frequently promised 
to run perilously shorty although the worst fears 
were never actually realized. There was at aJI 
Limes none the less great pressure for economy 
in and recovery of all scarce materials. Designs 
of products and production equipment, including 



The Queen accuifipunled the Kins ou rtuin^' of his toura of war-produ^^licin facluries. Their Mu]Mti« iire 
acknowledging the chcera of workers when arriving to inspect an aero-ensiac niciciry in the Midland!;. 
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tools, had aJways to lake account of thre need 
for economizing in scaice rnaterials to the utmost. 
Salvage drives both in uidustrioJ works and 
among the generaJ public were pushed to great 
lengths with some spectacular resuJts^ Anti the 
recover^^ of materials from scrap was also carried 
out on a scale which could hardly have been 
imagined by peace-time standards, 

Howv finally^ docs British Lndusiiy stand at the 
end of it all ? There has for years been so little 
time for anybody to take his eyes off the immediate 
job in hand, so LttJe opportunity or inducement 
to think ahead beyond the defeat of Germany and 
iapan^ that very litde thought has imtil recently 
been given tn the future outlook. Now indus' 
triaJists are begnming to get their breath back, 
and mort thought is thErefore being given to 
the post-war prospect. 

In fact, Britain is now taking stocky and 
the accumulated credits and debits of the war 
are beginning to be assessed. Most people^ 
however, are quickly coming to fed that it Ls 
beyond the wit of man to strike any real balanoe- 
It is admitted that there are pfenty of debits. We 
end the war a net debtor for nearly £3,000,000,000 
to the world oversea^ where we S?egan it as a net 
creditor for a like or even larger amomit - much 
industrial machmery has been overworked for 
several years with inadequate repairs and almost 
no replacements; research and estperience in the 
field of civilian products and methods of pro- 
dneing them have to a large extent been in a state 
of suspense; the housing situation as a result of 
bomb destmetion^ unrepaired dilapidations, and 
absence of new bnUding^ is calamitous; stocks of 
goods in the hands of both consumers, producers, 
and distributors arc at a very low level, and the 
private stock of fumllurc and domestic equipment 
is almost on a par with the housing situation; 
skilled labour has been absent for years frojin 
many of the higherH^nality processes {wood¬ 
working, high-finish meial painting, as used, for 
example, for motor-coach work, and fartcy 
w^eaving arc cxjimples which spring to mind), and 
the amount of sl^cd labour employed in most 
civilian lines has been small for a long time past. 
Inst, but far from least, the sacrifice of c.^port 
trade and thus of important oversea connexions 
and goodwill represents an intangible but 
possibly a major setback. 

Kowever, other countries, albeit for the mo,si 
part in a lesser degree, suffer from most or many 
of these troubles. And there are some substantial 
credits to be pul to the other side. There is 
probably a greater total skilled labour force in 
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existence than ever before, and in this we must 
include the large and varied technical experience 
gained by large numbers of men in the forces; 
there has been great e^ipanston and progress In 
mechanical and electrical engineering; the 
pressure of war needs has led to numerous and 
far-reaching scieniLlic discoveries, especially in 
the fields of radio (particularly radar and all the 
very high frequency work related thereto), ex¬ 
plosives and chemicals generally, fertillrers^ medr- 
cine, and marine and aeronautical engineering; 
there are a number of excellent new factories laid 
down for munitions purposes to set against the 
general depreciation of industrial machinery; 
and the country as a whole has become attuned to 
smaUcr consumption and harder living, which 
may stand it in good stead id the transition period- 
In all, Britain is well aware that it finishes the 
war a great deal poorer than it started it— 
poorer fa its financial position v£j-a-v/j foreign 
countries, poorer in its stocks of goods in its 
houses, in its industrial equipment and in many 
other things. But none the less the balance be¬ 
tween the debits and credits is difficult to assess 
and the average Briton does not really try to 
assess it. What the industrialist is most aware of 
is a sense of achievenienL, and he believrs that in 
the course of this war achievement he has learned 
something of permancul value that he will not 
forget. The great efforts which have been made 
and the long hours worked in difficuh tasks 
of organhtalion and admtnistmlianp in research, 
and in coping with ever-changing needs 
and an ever-changing background, have coo- 
stitQied a liberal education. And he is confident 
that with this experience behind him he can tackle 
anything which may arise in the future- 

With the problems of the future as uncertain 
as they are, perhaps this acquired experience 
is the greatest asset. Certainly British industry 
facts a colossal task in reconverting itself to 
peace-Lime requirEmcnls. But it is conJident of its 
ability to surmount these difficulties. It is even 
uncertain w^hal the commercial needs of the post¬ 
war world will be ; but industry, after its experi¬ 
ence of coping with the unpredictable needs of 
war, has good reason to believe that it is suffi¬ 
ciently adaptable and versatile to cope with any¬ 
thing. Nobody knows precisely who or what 
countries during the next few years will be large 
buyers of goods^ or just what goods will be wanted 
by those who are; but whate^'er goods art Id 
demand and wherever they are wanted, British 
industry is certain that^—given time—will be 
able to deliver them. 


II. ORGANIZING THE WAR EFFORT 


1 

THE GOVERNMENT 
MACHINERY 

T ME Go^rnitnient machkiEry of war pro¬ 
duction couJd be neither logical nor sym- 
ineirical, for the simple reason ihal it was 
never cemoei^ed in a single piece. The 
ecddcmic policies it pursued were sometimes 
drastic lo the point of being revolutiDnary^ but its 
adminisuntive structure had grown piecemeal wjth 
the least possible disturbaiKe to pre-esisting 
organizations and to ibe established methods. 
It is profitless to speculate on what might have 
been done had ihc organizatios been diSerent; 
the material fact is that the organization brought 
forth a harvest of s^ellSn guns, aeroplanes, and 
other war stores^ such as few had ever thought 
possible before the war came upon us. 

In the lira t place the British Government ne^er 
succeeded^ peiliaps never dcsiredr to establish a 
single supply organization. Just as the three 
services presened their independent organizations 
throughout the rearmament and the war, so were 
also the supply of weapons for the three arms 
separately and differently organized. The MinLsliy 
of Supply took charge of the weapons and stores 
for Ibe Army ; since May, 1940, the Ministiy of 
Aircraft Production did the same for the RAT., 
and throughout the rearmament and the war the 
provision of ships and naval stores remained the 
responsibility of the two Controllers in [he 
Admiralty ; the one of the Navy and the other of 
mcfchant shipbuilding. When public opinion in 


Ehc country and in Parhament pressed Mr. 
Chamberlain^s Govemment to establish a Ministry 
of Supply^ W'hat they probably had in mind W'as a 
single department even more coEnprehensive than 
ihc Ministry^ of Munitions had been in the last 
war, and this may also have been the original 
intention of the Governmeni its:EC But it was 
not thought expedient to take away from the 
Admiralty th-^ direct control of the design and 
prcMluction of naval vessels* and for the same 
reason the design and production of aeroplanes 
were left to the Air Ministry lo pass later 
into the hands of a specialized production 
ministry. 

Needless to say, this distribution of funcUoTis 
was not as simple or os rigid as the iincs of 
demarcation between the senices might suggest. 
In practice the Ministry of Supply from its very 
beginning acquired the control of cerlaiii common 
factors, tn addition, each of the three departments 
had to take charge of military stores outside the 
narrow field of ihc service for which it caterecL 
Thus the Ministry' of Supply filled shells and 
amintinJtiori for the Navy and the R.A.F^w and the 
Mi.mstiy of Aircraft Production for a time 
managed the production of radio valves for all 
the three services. In the course of dme the 
departmciiLs., and especially the MinJshy of Supply 
found ihemseh'es controlling the producEion of 
common stores serving civilian needs as well, 
such as steel helmets, ropes, or drugs^ But, 
allow^'ing for these overlaps ^d mutual services^ 
±e functions of the three supply departments 
were clearly spedalizietL 

Speclahzed, but not isolated. On ihe con¬ 
trary, its very reason why the three supply 
departments were abk to maintain throughout 
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the war their ^pamie caIsLcdcc was that cornmcd 
factors of produciion were always administered 
by single agencies and en \ and that a special 
inter ' dephartmental and super - departmenial 
machinery grew up to deal with eomroon policies 
and Qvcr^ridiiiE priorities. 

In the lirst place there was labour, which not 
only was a common factor of production but, 
as time went on, became the final limiting 
factor of the entire British war ctlorl. As every¬ 
body knows^ a single department—the Ministry 
of Labour—looked after the supply of industrin] 
labourj and to some e?ttent supervised its utiliza¬ 
tion. The same is also true of the raw materials 
and the machine tools. A single department— 
the Raw Materials Division of the Ministry of 
Supply—controlled the procurement, pro- 
ductiort^ importation, and distribution of all the 
criucal raw materials, which in the end came to 
mean most raw materials. In the same way 
machine tcnols, their produaioOp distribution, 
and imporls,^ were supervised by the Machine 
Tool Control of the Ministry of Supply (later 
by the Machine Tool Division of the Minisitry 
of Production working throu^ the Machine 
Tool Departmeni of the Mini.stry of Supply?. 
In factp The Ministry of Supply, though restricted 
in the field of weapon production to the needs 
of the Army, became in other fields some¬ 
thing in the nature of a Ministry of common 
factors. 

The unity of war production did not end with 
a centralized admimsiraiion of labour, materials^ 
and tools. What needed ceutraiizing was not 
only administration, but also policy. Above all, 
the corifhcting claims of the supply departments 
had to be regularly, almost daily, settled m the 
light of the general strategy of the war and of 
Lhe economic policy of the Cabinet, This 
function could not be pcrfoimcd by the Raw 
Materials Division of the Ministry of Supply 
or by the Ministry of Labour in the conrsc of 
their normal departmental duties. \Vhen ft 
was not done by the Prime Minister or by the 
War Cabinet acting on their own initiative, Jt 
had to be done by various interndepartmentaJ 
bodies. In practice, as well as in theory, the 
supreme ctH^fdlnating agency was die Minister 
of Defence and the Defence Committee of the 
Cabinet, whose business it was to define the 
Lttsks of the Production Ministries in relation 
to the broad lines of war strategy. On the 
lower, day-to-day plane the programmes and 
neects of Individual supply departments were 


sorted out by various coordinating commitEces, 
which before 1941 rose and fell with the circum¬ 
stances which prompted them. 

By the turn of W1 and 1942 most of this 
work of coordination was absorbed by the 
newly established Ministry of [production, and 
in the course of lhe subsequent three years the 
Ministry, by a process of organic accretion, 
acquired a number of other coordinating 
functions. Thus it coordinated onr negotiations 
with the United States over supplies and exercised 
a general control over the various oversea supply 
centres. U provided itself with a Planning 
Department capable of translating the general 
strategic directive-s of the Minister of Defence 
and of the Chiefs of Staff into economic and 
Jndustriai terms. It also look over the machine 
tool policy and brought together tlie various 
regional organRations. Even in the field of 
labour it won for itself a footing, albeit a modest 
one. Yet, however much did its functions grow^ 
they could not raise it into the position of a true 
supply department. It never administered the 
actual productLOD and distribution of either raw 
materials or machine tools. It never placed 
orders for weapons, and except for its regional 
organization it was not in direct contact with 
Industry. 

The production of weapons remained the task 
of the separate supply departments, It was they 
who turned the gene nil armament programmes 
into detailed plans of procurement; it was they 
who found, and often created, the necessary 
productive capacity. And, in so far as produc¬ 
tion had to be progressed— Le., assisted over 
bottlenecks and fed with an uninLcrruptnl supply 
of components—that work was also done by the 
separate departments. Moreover, each depart¬ 
ment or^nized production In its field by mcLhods 
peculiar to itself, for the planning of output 
and its relations with Industry dilTered from 
Ministry to Ministry, and sometimes even from 
weapon to weapon. 

The policy of the Ministry of Supply, like that 
of the Director-General of Munitions Produc¬ 
tion in the War Office, who preceded it, was 
eclectic by tradition as welt as by necessltv'. It 
had always been the policy of the War Ofiice 
to divide its orders between private industry^ and 
Govcniinent factories. From the venr^ outset 
of the rearmament the War Office tried to bring 
in the widest possible range of firms normally 
engaged in civilian production, most of 
them firms in the engineering and chemical 
industries. 
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To a country- which h&s }usi citiergfid from a 
lota] economic mobili^adon^ this procedLire may 
appear obvious, li was not obvious in 1936, 
when the aliemative plan of workini entirely 
through the few existing armament firms clearly 
presented iLself, Some SEores, however, were so 
far removed from the peace-iirnc product of 
British industry and offered so few prospects 
of peace-time employment that they were, Irom 
the very beginning, enumsled to RoyaJ Ordnance 
factories. Thus the filling of ammimitJon was 
planned as an ^ R.O,P, job," and so was, to a 
large estent, the making of small arms animnni- 
lion and of explosives. 

In the field of engineering products, or weapons 
in the narrower sense of the word. Royal 
Ordnance factories were called upon to under¬ 
take experimentiLl jobs, to start produedon while 
engineering firmsi were getting in to their stride^ 
and, generally speaking, to fill gaps where these 
could not be filled by private contractors. In 
this way the Ministry of Supply, to borrow a 
scientific icrin, polarized its relations with 
industry^ the one hand it dealt with Govern- 
meni factories which it could control more or 
less at will; on the olber hand it dealt with 
a vast body of private contractors, whom it at 
times financed, advised, and even nursed^ but 
With whose management and methods U could 
oot much concern it-self 

In the Air Ministry, and later in the Ministiy 
of Aimnift Production, a different and, in a 
certain sense, an ioterTnediaie system prevailed- 
Since Lite closing of the Royal Aircraft Factory 
in 1924 there were no Govenunent mreraft 
factories In pcacc-Ejn>e, and the Air Ministry' 
had no intention of embarking upon them when 
rearmament began. The policy was to keep in 
being a group of specialized private firms whose 
relations with the Air Ministiy would be 
sufficiently intimate lo enable it to guide and 
control design and production of aeroplanes. 
Hence the so-called “ family of airurafi firms— 
about 16 in all—whkh took shape in the early 
twenties and Lhirties and tlirough which the Air 
Ministry carried out most of its rearmament 
plans. Needless to say^ n vast number of firms 
not previously engaged in aircraft production 
had to be drawn on as programmes grew, and 
in the end the various branches of aiicraft pro¬ 
duction cajTic lo absorb very' nearly a third of 
Briiain^s industrial resources. Yet, even at its 
peak, the output of airframes and engines was 
very largely canalized through the principal 


family” firms, whose ranks had by now 
been swoUca by about half a dozen firms 
previously engaged in the motor-car and electrical 
industries. 

As a result of the family system produt- 
lion was aJmnsi entirely in the hands of private 
contractors. But the corollary' of the system was 
that the privacy of the contractors was not as 
complete as it might appear on the surface. The 
bulk of the capital with which they operated, 
perhaps as much as three-quarters, w^as supplied 
by the State, Tlte shadow factories,” which 
played an importani part in the pre-war plans of 
war potential!, were built entirely at Government 
expense. Countless other additions to the air- 
crdfi industiy* and often entire faciories, were 
financed by various Government schemes of 
“capita! assistance " Nor were firms otherwise 
left to their owm resources. Their supply of labour 
and the manner in which they utilized it were 
cinsely watched ; their troubles, their bottlenecks^ 
ibetr difficulties with sub-comraciors and work¬ 
people, seldom escaped the notice of the Ministry ; 
and now and again the Ministrv' stepped in to 
force a reorganization of management or an 
improvenient of methods, or even a change of 
ownership. 

Somei^vhat dtffereTit again was the system at 
the Admiralty. Tradttionally the policy of the 
Admiralty, like that of the War OfficeK was to 
divide its contracts between Government yards 
and private shipbuilders. However the volume 
of naval construction during the war and die 
limited capacity of the dockyards meant that 
nearly all orders for new construction went to 
private builders. On the other hand, naval cort- 
struciion w^as so specialized that direct contracts 
could not be broadcast oxer the entire field of 
shipbuilding. The firms engaged on that work 
stood in somewhat the same relation to the 
Admiralty as the " family ” firms did to the Air 
Ministry, and it was with those firms that the 
bulk of the naval orders were placed. The net 
was, however, cast much wider in the later stages 
of the war w^hen the accent shifted to smaller 
craft, and especially to escort vessels and landing 
crafty for which a much wider range of con¬ 
tractors could be employed. 

These distinctions, how^even may appear 
dearer on paper than they turned out to be in 
life. They mostly affected the relations betw-een 
the Government and the main contractors. But 
the c.xicnt to which die Government actually 
involved themselves in production also depended 
OTi sub-contracting. From the very begin ning of 
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rearmament it was clear that the Ladustrial 
capacity of the country could not be absorbed 
sQio war production without a very extensive 
system of sub-contraciittfi or, to quote a cootciti- 
ponury phrase, without biingiiig work to the 
fabour." To begin with, the firms were en¬ 
couraged to make their own arrangements and 
to place sub-contracts with whom they wished. 
But as time went on. free and unregulated sub¬ 
contracts were boLind to raise difficulties^ They 
sometimes impeded the proper distribution of 
work among the thousands of small firms in 
different parts of the country^ and they often 
resulted in a gteat deal of cross-country trafRc- 
One way of reducing separate sulxontracdog by 
individu-ai firms was the free issue ” or the 
“embodimenT loan,” or, in other words, the 
taking over by the departments of the ordering 
and the distribution of principal com ponents or of 
crucial materials. In some fields, especially in 
aircraft production, this was happening anyhow. 
In their attempts to break through or to antici¬ 
pate bottlenecks, the Ministry of Aircraft Pro¬ 
duction found themselves ordering the more 


difficult components and issuing them to the firms. 
The general tendency was for the " embodiment 
loans" or “ free issues ” to grow, even though 
there was no question of doing away with the 
entire network of private sub-contracts. Firms 
like Vickers or Rolls-Royce could prevail upon 
the Government not to interfere with the com¬ 
plicated, but on the whole efficient, system 
of sub-contracts which they bad themselves 
organized on the basis of thcLr peace-time trade 
connexions. 

Rebdous between contractors and the 
Government, and, still more, the relations be¬ 
tween contractor and contractor were also in¬ 
fluenced by the so-callcd groups.” Several firms 
engaged in the production of the same weapon 
were often banded together into a cooperative 
group for the exchange of information and draw¬ 
ings, for mutual assistance, and sometimes also 
for specialised division of production. Tlie 
pioneers of the " group ” system were probably 
the Air Ministry^, and in the production of the 
heavy bombers the " group ” system was to be¬ 
come universal. But the same system had also 



The mcciine ai tlie Mini-itry of Labour on (.>ciobcr 18, 1933, between rcprcstrtliilives of the BnUsh Employers^ Can- 
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been in opcraLion in the field of Army equipment 
long before the war broke out, and some of the 
most important weapons made during the war— 
the 2-poundcr, llie a-pounder, the 25-pouiidcr, 
the Bren carriers, and most of the tanks—were 
produced by groups/' Wliere those groups 
operated some of the lines of demarcaiion be¬ 
tween the Royal Ordnance Factories and private 
firms were apt to grow fainl. For in most '^groups" 
both Royal Ordnance Factories and private firms 
cooperated^ even though h often fell to the Royal 
Ordnance Factories to act as leaders. 

Many of these problems—the search for new 
capacitj', ihc placing of sub-contracts, the co- 
operJtion between firms, and the cutting out of 
waste in cross-country transport^-^ould, of 
course, best be settled Socall>p and the success of 
the settlement very largely depended on the 
Government's regional organiziition. Before the 
war the only local organization concerned with 
industrial matters was Uiat of the Ministry' of 
Labour, and its functions grew in iicope and 
importance during the war. But with the out¬ 
break of the w^ar the Ministry of Supply estab¬ 
lished all over the country its Area Boards, the 
Ministry of Aircraft Production developed its 
regional organization, and the Admiralty did the 
same in the shipbuilding areas. 

The nc)it most obsious step was to coordinate 
the activities of local agents of the production 
depart men ts, and the need became greater as the 
co-untry was approaching the point at which its 
resources were fully employed. This was also the 
period when the MinJstty of Production was 
coming into existence, and one of the main tasks 
of the new department, as expounded by Mr. 
Lyttelton in his first appearance in F^arliament as 
Minister of Production, was to harness the local 
capacity stUl available by means of an efficient 
itrgionaJ organization. It w-ill be out of place here 
to deal with all the difficulties which were in 
fact encountered in endeavours to reconcife an 
cfTicicnt local inter-depaitmenta! machinery with 
the cficelive departmental control over its local 
representatives. All that need be said here is that 
the regional organization, by a process of piece¬ 
meal development, succeeded in establishing a 
pooled record of focal capacity and greatly helped 
in steering the new orders into the right channels. 
It was also called upon to play an important part 
in the changes of prograninnes, in the switches of 
orders and of labour which became frequent 
after 1^42, and in preparing the road, to 
reconversion. This, however, is part of another 
story'. 


2 

COORDINATION WITH 
OUR ALLItS 

T he combination fof the British and 
American war Konomies has been [ess 
pubticEzed than the combination of their 
services, bui the record of its development is no 
less spectacular. Tliere were four phases 

Cash and carry, froin November, 1933, to the 
end of 1940. 

Secoftd^ American aid to Briuiirt, from the Lend- 
Lease Act to Pearl Harhour. 

Third, the period of cumhinitig, from the end of 
1941 Id aboul the middle of 1943. 

Laai, the period of cpmbincd peak effort, when ihe 
wheels ran smooE hly jind the two countries w'erevi-ort- 
iFi^ together at any r^ie as easily as. say, Ehr Ministry 
of Munitions and ihe Admiralty in the first world war. 

Bnch of [he four phases was dominated by 
its own kind of shortage and bottleneck, and The 
course of development is shown most simply in 
this way. 

At the beginning the bottleneck was dollars. 
Gold and securities could be used onJy once; 
we were planning a three-year war: the Johnson 
Act debarred us from borrowing; the arms 
embargo had been repealed in November, 193^, 
only after hot debate, and 1940 was an election 
year. So at the start the dollars were husbanded 
carefully: the United States was treated pri¬ 
marily as a source of materials and machine 
tools, and the orders for munitions and aircraft 
were mainly designed as insumnce against loss of 
United Kingdom production. Bui careful 
husbandry had to be thrown overboard after the 
German break-through in the west. The tiny 
stocks of the United S tates Army were combed to 
find rifles and artllleFy and ammunition to defend 
the beaches ; in the dying moments of the French 
Government wtt took over the French contracts 
in ±e Uni led States; the 5Q over-age destroyers 
were exchanged for Caribbean bases; the rate 
of new- coniraLting was speeded up ; the first M3 
tanks were ordeiied—the forerunners of the Sher¬ 
mans ; the first Kaiser shipyard was begun; 
dollars were sp^nt desperately to tap every^ 
source of American munitions capacity. 

By the end of the year our dollar reserves were 
exhausted. We had spent or committed some 
S3 billions. There was plenty to show for it in 
potential production. Including the French con- 
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tracts, we had ordered over 10,000 aircraft even 
by the end of June, 1^40* compared with United 
States Army and Navy orders at the time of only 
4,500. We had done invaluabJe preparatory work 
in building up the An>erican aircraft, shipbuild¬ 
ing, tank, explosive, and machine tool industries. 
But our orders at that Sinne only scratched 
the surface of our prospective needs for 1941 
and 1942. 

At this crucial stage, when major new contract¬ 
ing had virtually come to a standstill, the Presi¬ 
dent announced Lend-Lease. After two months* 
debate, in which contracting was still suspended, 
the Act was passed and S7 billions were voted. 
The dollar bottleneck was broken. But it emerged 
again almost at once in a new rornn. The prob¬ 
lem was one of fitting our requirements and those 
of other claiinants into the appropriation. The 
backlog of requirements rapidJy exhausted the 
money; by October another S6 billion appro¬ 
priation was needed, and once more the require¬ 
ments had to be tailored to fit. Appropriation 
dollars were now a serious bottleneck. 

In those twilEght months of J94I, however, the 
basic problem of combination be^n to appear. 
Britain was no longer a buyer from the store, 
placing contracts where she thought fit; she sub¬ 
mitted requirements to the United States depart¬ 
ments. and these were merged in the Lfnited SLates 
production programnie as a whole. Bottlenecks 
begun to appear In the production structure; 
there were shortages of mw material, and priority 
dcicisions were needed; the vast administrative 
apparatus of total war production bcg^n to shape 
itself, with awful growing pains. Conflict 
appeared between the relative needs of Britain, 
Russia, and the United States forces. In Nov- 
embetp 1940, the President had given a rule-of- 
thumb decision that the United States aircraft 
output should Ik shared equally between Britain 
and the United States. But such a formula could 
not Stand, and as America approached war the 
claims of the United States Army and Navy for 
the United States output became increasingly 
pressing. What was the right baJanoe between the 
British needs of the battlcfronl and the training 
and equipment of the United States Army 7 

U was in ihis period that serious cooperation 
began to replace the emergency goodwill of 1940. 
War production statistics were c-xchanged—a vital 
step. Combined analysis was made of the scale 
of production needed to beat the Axis. It was 
impossible to secure full agreement on uni- 
formity of types of weapons in the two armies ; 


the calibres of the basic artillery and small arms 
remained different to the end. But technical 
interchange and standardization were developing. 
The cooperation was informal, and depended 
much upofl the personal relationships between 
the responsible men in Washington. But in 
summer and autumn^ 1941, the foundations of 
combination were laid. Up to the end of 194J 
Britain received little from the Aniferiean arsenal, 
and hardly any munitions had yet come forward 
on Jend-lease contracts. Indeed, from March to 
December, five-sixths of the United States war 
production w^as retained by the Uniied States 
forces. In that year of munitions drought the 
trickle of United States supplies to Britain was 
vital. But the bulk of American aid was still in 
raw materials, food, and machine tools. 

Pearl Harbour opened the third phase—the 
period of combining. The estabiishmeni of the 
Combined Chiefs of Staff clearly implied the 
assignment of munitions according to operational 
need, so the Combined Munitions Assignment 
Board was set up—a board in Washington to 
aJlocaie Uniied States-produced munitions, and 
a board in London to allocate munitions pro¬ 
duced in the British Ktripire. It may be added 
at this point that by this time Canadian produc¬ 
tion, developed with great energy from the start 
of the war cspedally in guns, amituinitlonp 
explosives, and w^hcci^ vehicles, was bExoming 
very large; it was planned, howrever, directly 
to the needs of the Ministry of Supply, and 
consisting almost exclusively of British types 
rarely required to be assigned in more than a 
formal sense. Special allocation machinery was 
also set up to deal with the outputs of Australia 
and India, which in certain lines w^ere very 
considerable. The job of the Munitions Assign^ 
meat Board was to allocate according to strategic 
need; this ted it into comparative anaJ^'sis of 
service requirements which resulted in con¬ 
siderable economies. 

Physical bottlenecks now superseded financial 
ones. By Pearl Harbour, United States munitions 
output had already worked up to a level roughly 
equal to that of the United Kingdom, and in 1942, 
stimulated by the challenge of the Presidents 
Victory Programme and the drastic orders 
stopping production of motor-caix, refrigcmiDrs, 
and radio sets, it plunged ahead. America was 
thus faced with a critical shortage of raw materials, 
especially of steel, and decisions had to be taken 
whether material should be fed to the United 
Kingdom factories or should be retained in the 


14 


COQftDIN ATIfJN WITH OUR ^LllE5; 


Uniicd Stales Tor huiEdtirg new plants and 

estpanding protEuction Eines. Another sei of 
shortages resulted from the loss of Far Eastern 
sources of supply. This led to the rormation of 
the Combirked Raw Materials Board, Likewise 
the question arose whether ihe total mintary 
production programmes were not far too large 
in relation to the productive resources of the two 
countries: to deal with this, the Combined 

Production and Resources Board v^as established^ 
These two Boards were entirely centred in 

Washington, for (he problems w'ere in their 
nature mainly those of fitting the British needs 
from the United States into the total American 
supply programine. Laic b 1942 Canada became 
a member of C.P.R.B. 

Throughout 1342, and until the middle of 

1943, [he chief practical problem was to secure 
something like a common approach to the 
implications of shortage. There were great 
difFcrcnces in organization and outlook on the 
two sides of the Atlantic; the informal contacts 
of 194] were not easiJy transformed into the more 
formal arrangements of 1942- The British war 
economy was two years older than the American, 
and was thus confrortted with rather different 
problems; American attention, for cxaniplc, 
was focused upon raw material shortages, while 
the main British bottlenecks were centred on 
man-power and shipping. Another source of 
difficulty was the very dilTerent division of 
responsibility betwnsen the sen ices and the 
civilian agencies. The international arrange¬ 
ments had to be imposed upon aationaJ ad¬ 
ministrative structures which were shifting all 
the time. 

Gradually there de^'eEopcd a ^ast network of 
Anglo-American supply contact. As labour 
conditions became tighter in Britain^ increasing 
eftbrts wert made to place larger requiremefits 
on the United States, These were placed by 
each British Supply department vm its Mission 
in Washington wiiii the United States War or 
Navy Department. By the end of 1942p these 
requirements w^ere measured in thousands of 
individual itCEns^ and a vast administrative 
apparatus grew up to deal with them. 

The flow of supplies from the United States 
to the British forces grew' strongly throughout 
1942; in some important types of equipment 
Britain became almost wholly dependent upon 
United States supplies—a complete change 
from the originjl ^ insurance ** principle. The 


war threw up new requirements, to provide which 
no capacity existed in Britain, so these became 
uicludcd in the United States programme. By 
the middle of J943 about onc<|uarlcr of our 
muntdons supplies were being drawn from the 
United States. At the same time, a considerable 
part of the American forces" requirements in 
Europe were supplied from the United Kingdom 
on revenic Lend-Lease. 

Alongside the administrative network of 
contact was conlact between firms producing 
similar stores^ mterehange of technical inrorm- 
ation, interchange of productive technique. 
There was a constant stream of Missions both 
ways across the Atlantic covering an immense 
range of subjects. The British were able lo 
Iwlp in the solution of the United States adminis¬ 
trative problems ; the British experience was 
called upon in the preparation of the Controlled 
Materials Plan—the system of raw materiats 
allocation—and in the building of the Uni Led 
Slates regional organization of production. 
The Combined Boards with their combined 
AjigJo-American staffs acted as a focal point for 
this widespread variety of contact and con¬ 
sultation. They never sought to act as a super¬ 
state and give instructions or orders to the 
various countries; their function was lo decide 
matters of allocation, lo provide a forum for 
discussion of common problems, and generally 
to foster the cross-fertiliEation of ideas and 
discussion and understanding. 

By Lhe end of 1943 this process had reached 
a vety advanced stage. It is not to be supposed, 
of course, that either country was able to get all 
It wanted from the other; indeed, as American 
output approached Its maximum, there was 
increasing difficulty in fitting addilioual require¬ 
ments in to the programme. Likewise^ the tighier 
ihc British labour position hecame, the more 
difficult It was to take on additional commit¬ 
ments for supply of the UuiLcd States forees. As 
the war approached Europe, attention had to be 
concentrated upon problems of engineering and 
transportation, and upon relief for liberated 
areas. As shorlagc of consumer goods became 
more critical their supply and ailocation became 
subject to very detailed and comprehensive 
cotnbiiKd planning. 

But the real point is that in. spite of many 
failures and fmstnitioiis it was possible to develop 
a community of approach and understanding 
which provided a background in which these 
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problems could be tackted rationally. As the end 
of the European approached, post-war 

considerations began to become superimposed 
upon the war time habits of thou^t. The 
Anglo-American apparatus could provide its l^t 
results only when conditions of acute physical 
shortage dictated the need for practical and 
common-sense solutions;, in the interests of the 
common effort r This meant that modification 
was inevitable during the Japanese war. But it 
is indisputable that tfiere will be acute physical 
shortages for some time to come, and that these 
will call for the war-time techniques of An^o- 
American combination. And in the longer view, 
w hile there is manifestly no place for the complex 
war-time network of Anglo-American contact 
and negotiations, it would be a sorry thing if all 
the lessons were forgotten and if Anglo-Ameiican 
economic relationships were allowed to relapse 
into their pre-war grooves. The probleois 
change, but there is surely every need to maintain 
the war-time practice of frank interchange of 
information, technique, and ideast and open 
discussion of matters of mutual concern. 


MUTUAL AID TO ALLIES 

The esthniited value of guuds. sETTiceSp and 
capital facllitfes provided by hias Majesty's 
Govemmeflt in ihe L’nltrd Kiciuduni lo our 
Allies up fn March 31. 11^5. esc^ded 

£3,400.000.004). This Mutual Aid whs con- 
riiuKd after that date, withuul payment. In 
rurthefftnee or the principle Uiat the rttciurees 
of the United Nadorts should Ik pooled for liao 
commuu War effort. Ihc records are. howEvrf, 
not vEt compile. 

11ic fotbwiag tftlilc sbowfs the anKmnis uf 
Muiiml .Aid to all cutintrles on iM basis of the 
lalesl TEcorded lifiures. KMoopi as shown otlwr- 
wlse. ihc figures are cumuiativE to June 30. 


1944- 

£ 

1 

U.SA. 


11 

tl.S.SR. 

.. 2Ag,457,000 

m 

China .. 

^.OSO.QOfl 


Ffanee ... 

13.600,OCM>fb) 


Pokpiil . . 

.. llO.OOfkOOO (cl 


Grecie .. 

12^68.000 


C'zcdioskiTflklii ,. 

.. IH.629,(XW1 

IV' 

Ptirtujzai 

.. 11,133,(M)« 


Turkey .. 

ZO.6HLD0D 


(a1 up to March 31, 1945 ^ (bi up to 
jLiae 30. 1943 ; tc) prosislcmally. 
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INDUSTRIAL 

MAN-POWER MOBILIZED 

T otal war r^ulrcd tout! mobilaatmn 
of industrial as well as military' resources. 
Industry had to arm and equip the three 
fighting forces and to maiiitain the essential 
supplies and services of the whole commiinityT 
There was^ of necessity, a relation between the 
man-power crmployed in induslxy and the man¬ 
power directed into the forces. It was not a 
fixed relation, but varied with the expansion 
of the cqunlry'^s amied Btrength and with the 
increasing efficiency of industry^ the improve- 
Efient of its mechanical equipment and the 
growing experience and deftness of milljons of 
new industria] recruits. 

No other nation has been sd completely 
mobilized as our own. Nowhere else have women 
had so large a share in the war effort. The 
dimax was reached on D Day in June, 1944, 
almost five years after the declaration, of war, 
when already the peak of the industrial mobiliza- 
ticFii had been passed and men were going from 
indusuy into the force^T-al though Lodustrial man¬ 
power had fcegiiu to run down. 

Thc comprehensive purpose of the industrial 
mobilizaUon was the utmost produetton of 
strictly essential things in the way most econoinjeal 
of man-power which the conditioas of war 
allowed. The use of man power and the planning 
of production were always conditioned in part 
by enemy actioii. For exampte the bombing of 
factories dictated a dispersal of production that 
made larger demands on man-power than eon- 
ccntraiion would have done. E\^ during the 
last months of the war in Europe the Govern¬ 
ment were building reserve factories to replace 
aniidpated losses from V-bomb attacks which 
were frustrated only by the speed of iho invasion 
of the Continent. The enemy struck at our sea 
tines of comrnLmicalion and at our poits^ at 
major centres of production and at our inland 
transport. The theoretical economy in man¬ 
power had often to yield to the practical in 
matters of detail, but there was p over-all 
economy governed by mertasing stringency. 

The maiming of vital industry was as essential 
as the manning of the armed forces. At the 
height of the national mobilization there were 
4,500.000 men in the fighting services and 467,000 
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wtmien in ihe aiDtiliar^' servEcies, These tignres do 
not indude the CtlsiiaJtic^ in prisoners and 
niissine> which ihcn loinlicd 193,000. It had 
been possible by this time to reduce the rmmbcrs 
of men and women in whok-tumc civil defence, 
but sttii the service teluincd 225*000 men and 
56,000 women. There were thus in the fighting 
services or prisoners or missing and ia civil 
defence 4.9lS,000 men and 523,000 women. 

The forces and Ltidusuy had. of course, to 
draw on the same general poo] of man-power. 
In industiy^ there were 15,760,000 men and women, 
youths and girls down to 14 years of age. not 
counting the men over 65 nor the women over 
60. So large a numlter of workers in mdtjsliy 
and the essential transport and distribution ser¬ 
vices was tar above all precedent. The number 
of men in the armed forces was almost Ihe same 


as in the last year of the first world war^ and 
there were more women in the auxiliary services 
and more men ar^d women in civil defence. 

At the outbreak of w^ar the number of workers 
in Great Britain in insured employment, includ¬ 
ing agriculture, was J 5,543,000. Outside the in¬ 
surable field were the higher-paid workers in 
clerical and commercial occupations and private 
domestic servants^ rnably women, number[ng 
perhaps l^tOO^OOO. In addition were all those 
who would not normally enter the field of cm- 
ploymenL From these sources was built up the 
augmented labour force of the country^ even while 
indusuy was parting with miiiions of men and 
women for the fighting and auxiliary forecs. 

The total in the forces and in industry in the 
middle of J 944 exceeded 22,000,000. As many as 
a million men and women of pensionable age 



The manninE of vital industry was one of the great essentials of ihc wai- elTort and cmplnycd over 16 million 
workers, incTudinig men, women, youths, and Eirls. The above picture shows a group of workers liiiiening 

to a iiOrtocrt irt a factory canleCTlr 
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were still working. Over 2,000,000 women not 
formerly in employment were mobilized for some 
part in the wm effort. It was indeed the mainifi- 
cent way in which women re'sponded to the cat] 
for their help that made the completion of the 
production programme possible. Nine hundred 
thousand women with domestic ncspodslbi lilies 
spent hair ihc day in ibcir hon>es and half in the 
factory. As many as 350,000 did part-time civil 
defence work- From the maie population, which 
wm 100.000 smaller in 1944 than in 193% an addi¬ 
tional 2*10,000 were brought into the services or 
into industry, while at the same lime approxi- 
nrately a cnilticm unemployed men in 1939 were 
given service or employment. There was a large 
nci decrease in the number of men in indusiryv 
whereas the armed forces grew in the five years 
frnm 477,000 to 4,502,000, and civil defence (on 

IN 


the rnalc side) from 30,000 to 125+000 I having 
receded in 1944 from a peak of 324,000 in J94]). 

Ahogether the number of men and youths 
in industry^ rell from 13*086,000 to 10,169,000. 
The number of women under 60 in industry, the 
distributive trades, and tbc various civilian 
services Lq 1939 was 4^337,000 and in addition 
302+000 were nnemployed. In 1944 the employ¬ 
ment total was 6,597*000 and the number of the 
unemployed was 31,000. 

The whole paUcm of industry was changed by 
the demands for munitions, the consequential 
restriction of dvliian goods, and alterations in the 
processes of manufacture to facilitate mass pro¬ 
duction and enahle women to supcnicde men on a 
large scale in many occupations. General engin¬ 
eering had been a many's industry. It became to a 
great eKtcnt a w'oman’s industry. Machines were 
tooled for simple repetiiioii jobs that could be 
quickly mastered by a novice* and women were 
given this simple routine w^ork. More intricate 
and heavy work was usually retained by men, but 
the breaking down of processes to simple indi¬ 
vidual operations enabled women new to in¬ 
dustry' a large pari in the manufacture of 

aeroplanes and many other weapons of war. 

The munitions industries colkcttvcly—^iron and 
steel, non-ferrous mcta]s+ ship buiMing and re¬ 
pairing, engineering,, aircraft and vehicle manu¬ 
facture* chemicals and explosives—took in 
1,422,000 won^en and 705,000 men in the first four 
years of the war+ so that women provided ai one 
time 36 per cent of the labour force in the muni¬ 
tions industries as a whole. As very few women 
were employed in the hcaw trades, like iron and 
steel making and shipbuilding* U follows that the 
proportion of women in the Jighier trades must 
have been far higher than 36 per cent. 

It was the policy of the Government to conserve 
man-power by compulsory contraction of some 
industries and Jimitation of the number of their 
workpeople. Restrictions on imported materiaEs 
themselves limited employnncnt. Contraction 
w-as in some industries accompanied by concen¬ 
tration in order that premises and possibly also 
machinery migltt be set free as well as work¬ 
people. The double procedure was applied over 
a wide held and notably in all branches of the 
textile trades, in cloiMng and boot and shoe 
manufacture^ in furniture making, and pottery. 
All trades supplying the civilian market were 
drastically curtailed. 

These groups of industries contributed greatly 
to the switchover of man-powder Retail dis- 
iribution was a particularly rich field for the 
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supply of young men and also of mobile young 
women—young women, Lhat is lo say, without 
ties binding them to home and fme to be moved 
from one part of the country to another. Many 
hundreds of young women were transferred from 
Scotiand to the Midlands of England and from 
one part of England to another. Hostels were 
built to augment the lodging accanimodation of 
the congiesied Industrial areas and at the instance 
of the Ministry of Labour a public utility cor* 
poration was formed to manage them. The 
National Service Hostels Corporation had 59 
industrial hostels under ius control in addition to 
fjO for "" Bevin boys " drafted to the mines. They 
could house 70,000 persons. 

Notwithstanding the large amount of con- 
structionEil work for ordnance, aircraft, and 
various other factories as well as for military 
camps and airfields the building and civil engineer¬ 
ing industries parted with more than half their 
man-power. An unknown proportion of The 
640,000 who left transferred themselves to 
munitions work, and one of the lirtft moves in the 
after-w^ar redEstribudon of labour has been to 
trace these men so that as many as possible 
might be brought back again for the house- 
building programme- The textile trades lost 
180.000 men, 45 per cent, of the total number, 
and 196,000 women, 3CI per cent, of the total 
number. Proportionately higher were the losses 
of the clothing industry^ which parted with 
73,OCX) men (5J percent.) and 165.000 women (37 
per cent.T Since there was an immense demand 
for uniforms and other garments for the men's 
and women's services, the whole of the saving 
of labour for clothing must have been brought 
about by restriction of risihan supplies. Mis¬ 
cellaneous manufacturing trades lost 462,000 
men (46 pur cent. I and 26^000 w^onven (6 per 
centj. 

By far the severest comb went through the 
distributive tradesn which parted with 9l6,OfX) 
men (rather more than 50 per cent.) and 43,000 
women out of 999.000, but this last figure gives 
the net effect of a large mov'cmeni of mobile 
women out of distribution and thetr replacement 
by immobile and, in many instances, married 
women. Other services were deprived of 529,000 
men (55 per cent.), but only 60,000 women 
(below' 1 per cent.). Nowhere was the labour 
force static. It was constantly changiiig with the 
varying demand for milEtary supplies ' and at 
times the alteratians were both large and sudden 
as when, with E> Day approaching, a thousand 



Toolmakers at work. 


furns were called on to contribute to the con¬ 
struction of Mulberry Harbours. 

The control of labour became progressively 
more thorough. il was exercised in detail by 
direcbon of individual workpeople to particular 
employments and by the w'Lthdrawal and placing 
clfcwherc of labour in excess of strict austerity 
standards of good workshop practice. A qualihcd 
inspectorate verihed the requirements of firms 
as well as their efficiency in the use of labour. 
There were, of course, diJierences in practice 
In different factories. Many firms were doing 
unaccustorned work and besides, factories w'ith 
similar work might be very' unequally equipped 
For doing it To remove some of these inequalities 
and to get rid of bottle-necks indiLstiy' set up 
production exchanges and these at Iasi were 
merged in the larger and later organization of 
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the of Production. But in the earlier 

day^ indtiitiy had to do the test it could with too 
few mflchiites and a scairsty of skilled labour. 
One of Ihe dudes of the labour supply insrectoratc 
was to ciiyurc the greatest economy in the use 
pf skill and to prevent the hoardbE of reserves 
af skilled men. Every branch of engineering wtis 
expanding; aircraft production most rapidly of 
all. Competition for skilled men did not neces¬ 
sarily ensure their Gfiiplo>'Tncnl on the most 
essential work and did nothing to increase the 
available supply. First of aU therefore the 
Ministry' had to impose a check on the scramble 
and to prevent the ** cornering” of skill. At 
the same time rapid training and ** up-gniding 
had to be encouraged, for the dearth of skill 
was a serious hindrance to production. 

Man-power within the age ilfnit of military 
service was controlled by the National Service 
Act* which tecame law' imniediateiy war broke 
ouL There was already in existence a Schedule 
of Reserved Occupations, which jjavc protecfioo 
to workers above specified ages in a great many 
sections of industry. The most essential workers 
were fully reserved regardless of age. In the 
first mouth of the war also the Govemfuent took 
powers* in the Control of EmployTucnt Act, 
to steer labour—and skilled labour was parti¬ 
cularly iu mind—lo emp]o\'ment of the highest 
importance. The Act was applied by order and. 
as diere was need, to indicated classes of work¬ 
people. 

Shortly after the formation of the Oititchill 
Goveminenij preparaliorii was made tor a more 
dntstit use of these powers. Mr, Bevin^ then 
Minister of Labour and National Seftice^ 
issued the Conditions of Employment and 
National Service Order, which assured the work¬ 
people in controlled occupations of rccogntzEd 
lems and conditions of employmeni and set 
up a national arbitration tribunal for the hearing 
of all kinds of disputes and W'age claims. The 
Order which made strikes and lock-outs Illegal 
was a. prelude to a series of essential work orders 
which held a man to his particular employment 
and forbade his leaving or dismissal {except for 
miscoodiict) w'iihout the consent of the national 
Service officer of the area. Most imponant of 
all was an amendment of the Emergency Powers 
tT>efence) Acts by the inclusion of Regulation 
58A, which vested In the Minister nf Lat^ur 
control of the use of all labour. He was given 
comprehensive power to require any person in 
the United Kingdom to perform such services 


as may be specihed by directions issued by or 
on behalf of the Minister." Every one of any 
age was by this regulation made liable to Govern¬ 
ment ilirection in employmeot* and it applied 
alike to women and to men. 

These powers were steadily employed in the 
later part of 1940 and onwards. At the end of 
1941 came the next great step by the extension 
of the National Service Acts to women. An 
immediate royal proclamation under ihe new' 
Am made women between 20 and 31 years of 
age at once liable to call-up anti, as they were 
called up^ they were given the option of serving 
in the auxiliaiy' forces, in civil defenqx;, or in a 
few specified occupations. Men up to 51 years 
of age were made liable to military service^ 
It was also at ihe end of 1941 that the Minisier 
of Labour decided to withdraw- for vital war 
work or ihu women^s services women betw^een 
20 and 25 years of age on the non-manmil staffs 
of local authoritiei^ 

The armoury^ of control of labour was now 
complete. The miKhinery of registration gave 
the Minister knowledge of where ihc men and 
women of specified classes w'ere to be found 
and powers of dircctloii enabled him to send 
them wherever required for essential -w-ork. 
It came about, with changing cimumstances. 
that in some cases men and w^omen had lo be 
ordered back io their original occupations. 
This happened to miners, textile workers, and 
builders^ 

Relaxation of the control of labour was 
begun at the end of May. 1945, withia three 
w^tjcks of VE Day, Essenual wwk orders were 
not vaned. but control of engagement w'as 
restricted to men under 51 and to womc[i under 
41. Younger women -with domestic respon¬ 
sibilities could also claim release from employ¬ 
ment. The call-up for Ihe forces was restricted 
to men under 31 and it was expected that die 
men over 25 would not he needed. Releases 
from military^ service began in die middle of 
June and were expocied to set free 750,000 men 
and 75,000 wornen befoic the end of the year; 
but nevertheless an acuce insufficiency of labour 
was in prospect in consequence of industrEal 
retirements. The Ministry of Labour therefore 
announced six priority groups of Lnduslrifts and 
prepared nomiitated xvorker schemes to enable 
the employers in those mdustries to recover 
former workpeople from the munitions industries. 
The return tide was set in reflated motion and 
was greatly quickened after VJ Day, 
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RAW MATERIALS IN 
WAR TIME 

T HB control of raw maierials was vested 
immediately before the outbreak of war 
in the Ministry of Supply, Controversy 
bad hovered for years round the birth of this 
Ministri', whether it should be set up in peace¬ 
time at all as well as whether each Service should 
be responsible for iLs own requirements. The 
resulting compromise came Inio being only in 
August, 193% and consisted esseniLaJly of two 
parts. One was entrusted with procuriiig all 
Army requiremfents, but not those of the Air 
Force or Navy, The other parlj the Raw 
Materials Dcpartmeutp was concerned with the 
provision of raw materials for all purposes, 
both for all three Services and for industrial and 
civilian needs. 

To the Raw Materials Department, therefore, 
the rest of the Ministry of Supply represented 
one of various competing claimants for supplies, 
and it was necessary to have also an interdepan- 
mental Materials Commiiicc to adjudicate 
between its clamorous customers. 

The comprehensiveness of the scope of the 
Raw Materials Departrneni emerged slowly by 
painful process of administrative experiment 
and under the pressure of the e-xigenctes of war. 
li was clear to everyone from the beginning 
that raw materials included steely non-ferrous 
metals, timber, industrial aJcobol, fertilizers, 
industrial ammonia, sulphuric acid^ silk and 
rayon, wool, jule, flax, hemp, leather, and paper. 
(Cement hived off at an early stage to the Ministry^ 
of Works and the light metals—aluminium and 
magnesium—to the Ministry of Aircraft Pro¬ 
duction. Oil, coal, and coal-tao: wete under the 
Ministry of Fuel and Power, soap under the 
Ministry of Food,) 

The Controls,"' recruited almost entirely 
from the industries they were controlling^ w^ere 
created from the first for these materials. The 
Controls themselves, however, were not given 
the direction of policy. This was reserved to 
the much smaller body of Qvil servants (per¬ 
manent and temporary^) who constituted the 
central polky-formtilaling Raw Materials Depart¬ 
ment under the direction of the Minister of 
Supply, Bui as the war continued other admiuis- 
traiivtf Controis had to be sci up : abrasives ; 


chrome ore, magnesite Etnd wolfram ; cork ; 
cotton : diamonds ; diamond dies and tools ; 
foundry bonding materials ; mica ; plastics 
quartz eiystaJs ; rubber ; while coir, kapok, 
ramie, and tin were attached to existing controls. 

In addition to these groups of materials a 
very varied list of commodiiEes which could not 
conveniently be fitted into any one of the maiu 
controls had to be brought under some form of 
statutory^ or voluntary control. Partly £>y adding 
a Miscellaneous Chemicals Control and a 
Directorate of Sundry Materids, the range of 
the Raw Materials Etepartment was extended 
lo many commodities little knowTi to the public^ 
but of critical im parlance in specialized fields. 
Anyone w^ho thinks of raw^ materials in time of 
war as being a matter of regularing a few basic 
materials should read the Index to the Raw 
Materials Guide published by the Stationery 
OlHce and contempiaie such chemical encrles as 
■^"Biethanolaniine, ’ Diethylaniline/" “ Die- 
thylamine elhatiol” Dimethoxy dipheny- 
latnine,” or exotic timbers like " Idlgbo"" or 
“ Morototo or more familiar but no less sur¬ 
prising entries such as ** Feathers^'" Arsenic/^ 
and " Hoofs/" 

But The organization which came into being 
in August, 19J9, was chiefiy concemed with the 
fact that even on the principal materials existing 
preparation for war needs was likely to be sadly 
inadequate. The nuclear staffing of the future 
Controls had indeed been selected and thus the 
foundation laid for the rapid expansion of the 
department. Having learnt the Icssson of the 
First World War that cross-bred wool was 
likely to be Ln short supply to cope with 
combined requirements of the French and British 
armies, arrangements had been made to purchase 
the entire AusiraJian and New Zealand wool 
clips for the duration of the war. The designate 
Controller of Non-Ferrous Metals, Mr. Lyttelton 
(later President of the Board of Trade and 
Minister of Production), made quick and effective 
arrangements by which the Empire's production 
of copper, lead, and zinc was purchased at 
uniform prices. American cotton was secured 
by a CoUon-Rubber Barter Deal with the United 
States in July, 1919. 

Apart bom these ntajor items and a few' lesser 
ones, little prepamdon had been made either 
fur long-term purchases or for sizable stockpiles. 
Although a long war was anticipated, the central 
strategicEtl direction of pEanning in 1939 still 
assumed that there w^ould be no shJppLog short¬ 
age and that the Army’s requirements would be 
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limiled compajTcd with ihc hirsl World War. 

It WHS not until the fall of Fruncc and Western 
Europe that the ‘"phoney wnr'" ended in a 
nightmare and the Raw Maierials Departmcni 
wa5 faced in mid 1540 with the prospect of acute 
shortages in nearly every field. 

The loss of European sources of supply dc^ 
prived the United Kingdofn of 50 per cent, of its 
supplies of flax, 75 per cent, of softwood timber 
imports, 70 per cent, of paper-making materials 
imported, and 35 per cent, of imported iron ore, 
Vichy control in French North Africa deprived 
us of an addstiooaJ 32 per cent, of our imports 
of iron ore, an additional 12 per cent, of our 
paper-making materials (esparto), and about 90 
per cent, of our imports of phosphate rpek for 
fertilizers. ThenGeforward ail these materials 
had to come from farther afield: flax from 
Canada, Egypt, Australia, New Zealand, and 
Kenya ^ phosphates. Umber, and paper from 
North .America: iron ore from the West Coast of 
Africa. 

Pearl Harbour in December, 1541, led rapidly 
to an even mote devastating loss of sources of 
supply. In two months the Japanese possessed 
themselves of 90 per cent, of ihr w&rld*s produc¬ 
tion of rubber, lOO per cent, of manila hemp, 
SO per cent, of silk, and about 60 per cent, of tin. 

The loss of European resources forced the 
United Kingdom into greater dependence on the 
United States and Canada, which was further 
increased by the considerable advantage of the 
relatively short Atlantic shipping routes com- 
pared with the enormous distances to East 
Africa or India or Australia riu the Cape. The 
British Pujchasing Commission in North America, 
founded originaily to secure military supplies, 
produced in due course a vigorous child, the 
British Raw Materials Mission in Washington. 
Through the Lend-Lease Act of March, 1541, 
the United Kingdom received in the four years 
to the Old of the European war £320,OQO,GOO of 
raw materials from the United States on Lend- 
Lease terms, steel amounting to £120,()ClO,C(]0, 
cotton to £60,000,000, non-ferrous meiah, limber, 
and synthetic rubber to over £20,000,000 each. 

The loss of Far Eastern world resources and 
the stepping up of the vast American production 
programme produced such unprecedented pro¬ 
blems that an entirely new type of international 
organization had to be improvised quickly if a 
disastrous competition between British and 
American war production was to be avoided. 
Hence the Combined Raw Materials Board 
(served by a strong Anglo-American secretarial) 


was set up in January, 1943, by President Roose¬ 
velt and Mn Churchill consisting of two members, 
the Vice-Chairman of the American W ar Produc¬ 
tion Board and the Head of the British Raw 
Materials Mission on behalf of the British 
Minister of Production. The C.R.M-B. was 
given comprehensive responribihty for the 
planning of the raw materials effort of Britain 
and the United Slates, and for coltaboniiing 
with the other United Nations to ensure that 
their resourties in raw materials were most 
effectively deployed to assist the common cause. 

One of the great uses of the C.R.M.B. was to 
provide a common blackboard on w^bich all ihe 
Uiuted Nations could chalk up both their re¬ 
quirements of critically short materials and the 
supplies they were able to produce for (he 
common cause. Once this had been tlone for any 
conunodity the tw o sides of the accoLint could be 
totalled and the seriousness of the global position 
assessed- Then the Board's task was to try to get 
supply and requirements into equilibrium. This 
could in pan te achieved by increasing produc¬ 
tion by pressing forward with marginal ckvdop- 
ment and by assisting In the supply of special 
equipment. Coordinated purchasing arrangE- 
meats also helped to secure mushnum supplies 
and took various forms, cither leaving to one 
country sole responsibility for purchasing on be¬ 
half of all others or fending a joint pua'hasing 
mission. Arrangements were thus made for mica 
and shellac ui India, for graphite and rubber In 
Ceylon, for sisal and pyrethrum In East Africa, 
for quartz ciystnls and mica in Brazil and 
Madagascar* for balsa wood ffor the Mosquito) 
In Ecuadoft and so on. 

But cquyibrium could not in most cases be 
achieved except by drastic reduction in require¬ 
ments as well. Parity of standards between 
countries was decreed^ and m the search for this 
there was rigorous pruning of unessential uses 
(such as rubber for golf balls and hot w-aier 
bottles), substitution of inferior grades of 

mica and zinc) or alternative materuils 
steel for brass hi cartridge cases), and economy 
in usage (e-s'-, iu the quantity of tin in cans or of 
sisai in a length of binder twined. Interchange of 
technical information and experiencep especially 
between the United States and United Kingdom, 
with conslant comings and goings across the 
Atlantic of all involved in the common prob¬ 
lem* did much to maximize production and 
minimize consumption. 

Thus the loss lo the enemy of the main souitxs 
of many raw materiats, coupled with the- vora- 
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doua demands of war production, led to syste¬ 
matic intcrfliational orgaoizalion. It is significint 
iWiiX (he British C^ominipnwealth was the main 
sotiTve of supply of iwo-lhirds of thuc materials 
it was fteccssaiy to allocate. 

Over and above shortage of supply at the source 
shortage of shipping was for months and years 
Lhe dominating theme in control in Britain. 
Before the war impons of raw materials into 
Britain amounted to lin average of nearly 
2.500.0CX) tons a month. For four consefcuiive 
months during Lhr Baltic of the Atlantic—^that 
desperately drawn out struggle betwten shipping 
losses and the e-xpansion of American shipbuild¬ 
ing—raw maieriai imports were oi an average 
level of under 600.000 tons a month, and this at 
a time when British w-ar production was reach¬ 
ing its cresL 

Thus the British “ Import Programme " 
a major piece of planning and control. Shared in 
effect in about equal halves by the Ministry' of 
Food and ihe Raw Materials I>epaninent^ the 
programnte had to take into account every 
strategic flow and eddy of the war and in its 
tum affected British policy' in the use of every 


material. With so little coming in tlKie was no 
room for anviJiing that could conceivably be 
regarded as unessenria] for the winning of the war. 

Only in a limited sphere could Britain replace 
imports by amplifying home resources. The pro¬ 
duction of flax and tow in the British Isles was 
pushed up from 5.000 tons pre-war to over 
40,000 tons. The mining of home iron ora was 
stepped up from some I l,000,OlDO tons in l93!i to 
19,500,000 tons in 1942, involving great changes 
in the inicnial transport and operating contlitions 
of the entire steel industry. Monc desperate was 
the seaich For home-grown timber, of which prt> 
ducLion in \9A3 ai 3,800,000 tons wag eight times 
larger than pre-war. The end of the second war in 
Europe found Britain with two-thirds of its total 
pre-war sta-tid of contmerdal softwood felled- 

.•Vnothcr form of home production W'as the 
intensive salvaging of commodities. It was 
made illegal to throw away even a bus ticket, 
and up to VE Day 4,200.000 tons of waste paper 
had been delivered to paper mills for repulping. 
Rubber was reclaimed from tyres, tins were 
Dressed and detkmed, iron railings were raquisL- 
Lioned alike from public parks and private 


A crane haniJline a I Brae coosigTimcrtt of wasic metal a| ii British iteet works where some of ihc cqimiry'i huge 
A firjD crjiic 114 t of scrap was melicd down and made available for use again 
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frontages to the weight of 600,000 totis of bQdJy 
needed iron scrap (and incidentally to the 
cnharbccd aesthetic appearance of many gardens 
and streets). Yet increased home production 
was not aJl gain to the raw matenaJs programme. 
In order to main la in the increase in food pro¬ 
duction British farmers were supplied during 
the war with more than twice the quantity of 
fertilisers used In pre-war days* callirig for over 
one million tons of shipping a year. 

How oouJd domestic coasumptlon be reduced 1 
Thinking on this problem in had made 

little advance since I9l8r Tfie producer wanted 
to know the answer lo two questions about the 
raw materials he needed! How much ? ” and 
“ How soon ?The first is a question of quantity, 
which is settled by “ aUocation " ^ the second 
a question of 111116 ^ which is settled by prioritiEs/" 
But In the first year of the war the allocation 
s^Titem was nidimentaiy and unreal (statistics 
were non-ejiistent for many materials) and gave 
little hdp in solving the day-to-day problems 
of administration. 


On the other hand, the priorities system led 
to an avaJanche of cerdficaies, alj of the highest 
priority, from competing departments. Perhaps 
the difference between allocation and priority 
was revealed In Its acutest fom in the struggle 
between aircraft and tanks and gun.s for drop 
forgings. lATiile the total amount for each use 
over a year was relatively easy to settle, the 
difficuUy tame when Lord fieaverbrook demanded 
that the prior needs of aircraft for the Battle of 
firitairL must be fulfilled before other require- 
men IS were entertained. Once the course of the 
war allowed this dilemma to be resolved^ the 
system of control continually developed the 
system of alJocaEjciip and in 1^41 raw materials 
were excluded from the field of priorities. With 
increasingly reliable figures of stocks and 
increasingJy more detailed analysis of The end- 
uses for which materials were used (the result 
of Innumerable forms^ of which the purpose 
must often have seemed obscure or senseless 
to the fiUcr-inl, it bocamc possible to delenriine 
departmental allocations on a quarterly basis 



An instMLCE of the methods 
eniployed in dealing wdlh scrap 
metal for use in making arma¬ 
ments. A hu^e electroniagjijet 
is seen picking up steel scrap 
and pig-lrOn, and loading it into 
tmeVs. 
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for the more important materials. Allocation 
being dcicrmincc3p it became the task of each 
department to aUot its own aLJocation^ while 
in other rases the Controls used the liceasirg 
system to cLintioale many types of use and to 
save matcriiil for more urgent rcQiiiremcnts. 

In addition to developing an unprecedented 
degree of detailed control of import, acquisition 
and use of all raw materials^ the Raw Materials 
DeparUnent of the Ministjy^ of Supply also 
became a gigantic trading departmenL Up to 
the end of Lhc first quarter of 1945 the Raw 
Materials Department had procured on Govern- 
nienf account raw materials amounting to over 
£2,100,000,000 in value. This development of 
” nationalization of the means of production ” 
on an unforeseen scale w^as forced by four 
main factors: the convenience of bulk buying 
as a means of preventing runaway prices in a 
seller’s market; the need to have the right goods 
at the right port at the right time for shipment 
on a planned minimum import programme; 
the difficulty of distributiug lead-lease supplies 
(which by Arnerican legislation had to be handled 
governmeatally) in competition with Imports 
on private account; and the greater control of 
where and when and how the materials should 
be used that was given by public ownership. 

In fact, the Supply Etepartments, during the 
European w^ar, succeeded in using all the forces 
of individual units of production and distribution 
through the system of Controls based upon the 
personnel of the industries concerned ^ and welding 
them into a comprehensive system in which lhc 
criterion universally accepted was how to win 
the war most quickly. Under such conditions 
State direction was not lacking in pubhe enter¬ 
prise. There is space for only two of the lesser 
known illustrations out of the great number 
from every industry tliat could be cited. 

In 1939 Britain imported from France and 
Belgium 90 per cent, of the diamond dies through 
which fine wire is drawn. The methods of making 
these dies remained the jealously guarded secret of 
what was almost a cottage industry. This particu¬ 
larly applied to the liner dies required to draw 
the Very fine filaments of lamps and valves so 
urgendy required for aircraft, tanks^ and radio. 
In these dies the hole to be drilled through a 
diamond (and subsequently highly polished) 
might have to be as minute as fotir ten¬ 
th ousandihs of an inch—z.e,, ooe-sixth the 
diameter of a human hair. On the fall of France 
it was soon found diet the United States would 
shortly be faced with the same problem as 


Britain. The immediate desperate stock position 
was saved by smuggling nut of France supplies 
of dies. Many individuals were cancemed whose 
names have remained anonymous, and many 
risks were run in acquiring vital dies from under 
ihe very noses of the Germans. 

At the same time with great speed a virtually 
riew industry w^ built up in Britairt, Each of the 
two existing die-makers in England was called 
upon TO increase his production target by five 
times, and eight other wire-drawing firms (as 
well as a Ministry of Supply new^ plantj were 
helped to produce dies for themselves especially 
by an intensive trainee system. Working on the 
basis of original re^^arch by one of the great 
electrical companies a fine dJcs-driHing machme 
was developed. Repofishing capacity was also 
developed lo reduce subsUndally the demand for 
new dies. By 1944 Britain was producing sufficient 
dies to meet both British and Empire demands 
in full and bad notably helped the United Stales 
to become self-suMcicnt too. 

The other example of publicly directed private 
enterprise Is taken from the chemical field. The 
onset of the Far East war revealed insecticides 
as a major munition of war. The United Nations 
lost ibe most important sources of natural 
insocticides—pyrethnjni and derris—Just as the 
need for them immensely Increased. While 
strenuous efi'orts w^ere made—in spite of chronic 
drought—to increase production of pyrethrum 
flowers in Kenya, the synthetic matertal which 
came to be known as D.D.T. was discovered 
almost simulianecusly in the United Kingdom 
and the United States. The programme of imen- 
give research undertaken had no precedent, 
CompanieSi, Government departmentSp chemical 
warfare establishments, universities, hospitals, 
private soldiers in the army, were organized on 
both sides of the Atlantic in an intensive cam¬ 
paign to discover the potentialities of D.D.T., 
the best method of use, and the possible dangers 
to man while killing louse and ntosquito. Even 
before the final verdict could be given on the 
materials safety and efficacy, the first Ministry 
of Supply plant was approved in 1943 to meet 
what was then expected to be tlie country's 
requirement of 100 tons a y^ear. But as research 
progressed, this aew material revolutionized 
ideas as tn the extent to which an msecticide can 
reduce disease and make life bearable in equa- 
toriiil and semi-tropical countries. In 1945 
production in Britain is already exceeding 5,000 
tons a year. 

At the same time the discoverv' that dimethyl 
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phtimlatc (well known ia the pliisLics industry 
for TTiajiy years) will keep mosquitoes from biting 
men, has had even greater impact on everyday 
life. The pooled resources of Britain and the 
United States are stiU unable to meet all den^ands 
for dimethyl phthalate and the materials— 
especially phthalic anhydride and naphthalene— 
of which it is made^ It is a coirmneotary on the 
conditions of total war and on the complexity 
of raw material adminisiratton in war-time that 
because men are hihting Ln malaria-infested 
regions, the manufacture of the highest class of 
paint should be impossible id England and the 
English housewife should find dllficuliy in 
obtaining good qtialily hair combs or sufficient 
Qrc lighters or mothlMlls* 


5 

SALVAGE OF WASTE 
MATERIALS 

D uring the period of the European war* 
one of the most acute and difficult of 
our national probEcms was the shortage 
of raw materialii needed for essential supplies. 
Thanks to the technical reiseandu mgEiiiiiLy, and 
enterprise of British industry* an important con^ 
tribution was made to the solution of this pro¬ 
blem by the utLIization of waste* 

A special Industrial Salvage Group Scheme 
was inauguiated in the latter part of 1942 by 
the Ministry of Supply. Under this scheme, 
the Industrial enterprises of a given area could 
form themseh'cs into a group for the purpose of 
promoring the recovety of their waste arislngs 
and putting them to best use. 

Although under no kind of obligation to 


participate in the scheme, firms to the number of 
about 10.000 did so cooperate, and JOO groups 
were formed. 

The members of each group pooled and inter¬ 
changed their ideas and the results of ibcir 
Tcseaich. They made knowm their individual 
shonages, and it often happened that the waste 
maierUiJs of one industry provided the raw 
materials urgently needed by another. 

If a firm has a w aste material for which neither 
the firm nor the group knows of a suitable use. 
the problem is referred by the secretary of the 
group to the Ministry of Supply. Thereupon 
Inquiries are made as to the probable amount 
of the waste material forthcoming ; such matters 
as the method of colkction, transport* labour, 
and breaking down are considered ; and advice 
is sought of the DepartmenL of Scientific Re¬ 
search and of any Control that mi^t be interested. 
In this way* the resources of Govemiticnt Depart¬ 
ments and of their associated organi^Jitions are 
mobilized ; State and Industry wort together 
for their mutual advantage. 

The groups are subjected to no official control- 
Although the scheme is sponsored by the Ministry 
of Supply and receives its energetic assistance and 
support, the groups are self-governing. They 
are an activity of industry itself. 

Many Striking and even romantic examples 
of the util l;^tion of waste can be adduced. A 
public utility concern had thousands of tons of 
coal-dust for which no use had been found. 
Within a month of joining the group, the concern 
was disposing of the coal-dust to another firm 
that used It for heating boilers. 

Waste getatln and damaged cereals (unfit for 
human Or animal consumptionl have been used 
as substitutes for dextrine and starch Jn the manu¬ 
facture of fcmndiy core compounds. Old railway 
carriage blinds, woven from linen and horse- 
hair^ were cotivcricd into cngiiiccrs' dusting 
bruslies. Residues from dry'-cleaning stiUs have 
been treated and ttsed as Diesel fuel. 

The fluff-itke cotton waste arising from the 
manufacture of khaki-web equipment is used by 
another firm for making upholstery in the seats 
of aircraft. Sean-husks that accumulate in a 
workers* canteen have been taken by another 
firm for the packing of delicate instruments. 

Waste liquors from aircraft factories, instead 
of polluting rivers, are drawn off by a power 
pump into a visiting tanker, are scientifically 
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iitjalcd and ibis converted into chrome sulphate 
for use Ln the tanning of leather for bools and 
shoes. 

Used photographic lilm yields impomnt 
raw materials. The silver is recovered for 
instrument components, and the cellulose used 
again for making leathnicloth, sldTenings for 
shoeSp and as a substitute for rubber water¬ 
proofing. 

Sawdust is now employed in the productian 
of phenolic plastics and resin board and as a 
fueU ^d has fiLrlhcr potentialities in the manu¬ 
facture of industrial alcohol^ and of bricks and 
liJcs. 

An e^bition, demonstmiing these and many 
other utiibntions of waste, and entitled Wealth 
from Waste" has been shown in London and 
Glasgow. At the □pening of the exhibition in 
London, Sir George Nelson, Late president of the 
Federation of British Industries, staled that 
salvage must remain an established part of 
Britain's industrial structure in. the future. 


6 

CONTROL AND 
RATIONING 

T Hh controls exercised during the war by 
the Board of Trade over production 
and distribution are part of a dovetailing 
system designed to ensure that the available re¬ 
sources are applied first to war and other essential 
needs and to secure a fair distribution of avail¬ 
able supplies for the dvO i>Dpulation. In condi¬ 
tions of scarcity it has been necessary to substi¬ 
tute deliberate state planning for the ordinary play 
of demand and supply. Resources have been 
diverted from peace to war purposes, througli 
statutory control over the amount of many 
civilian products which can be bought or sold on 
the home market or eKpOfted (which severely 
limits output of the less essential products). 
This control is strengthened and supplemented by 
the allocation of raw materiaISp the control ov-er 
the engagement or movement of labour (dealt 



Salvage of wastepaper has done much lo mske up for the absence of Imporied weed pulp, 
Feediag wastepaper iniu ^ bneaker-bez^ter, the first stage of reconverting iL 
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with in other articles), and the control of the use 
of pnjmisti. 

Within the more essential civilian field produc¬ 
tion IS platined and the types of goods which cim 
be produced specified so os to permit effective 
price control, to ensure an adet^uate production 
of the of goods most nMiiuircd and lo 

achieve economical production. For most goods 
prices are controlled, so as to keep scarce goods 
within the reach of the genera] public and to 
prevent inflation. For clothing, as for food, fair 
shares to consumcni are achieved through ration' 
ing : for furniture, as for motor-car^, petrol, 
tyres, building, and many classes of fnacluncry, 
supplies are resented for priority users by one 
form or another of buying permit system. For 
some other household goods a degree of priority 
in securing supplies is secured to selected buyers 
who most need the goods by various diiferent 
administrative devices. 

This degree of control, of course, developed 
gradually as more and more resources were 
needed for the war effort and as the technique 
of cofitroi was improved. The first positive step 
in the Board of Trade for controlling production 
was taken in April, 1940, as ptlii of the export 


drive begun early in that year lo help us to pay for 
our essential imports. Supplis of cotton, rayon, 
and linen goods to retailers for sale on the home 
market were limited by order to a quota of 75 
per cent, of the quantities so supplied by any 
manufactuier or wholesaler in a pre-war basic 
period. Sales on Government contract or for 
export were exempt. In June, under the Limita¬ 
tion of Supplies Order, a lower quota of 67y per 
cent, by value of sales in the basic period was 
applied lo a wide range of consumer goods such 
as cutlery, pottery, furniture, furs, and musical 
instruments. 

By this time it was clear thai restriction of 
civLhan trade was necessary not only to force out 
e.vports but to release labour and capacity for the 
war efFon. The machinery licensing system was 
therefore started. Manufacturers were prohibited 
from selling or buyers from acquiring machinery 
in lb classes except under licence issued by the 
Board of Trade. This sysiem, which set free 
engineering capacity for mtiniLions production, 
w'as later extended to many further classes of 
machinery. 

By the autumn of 1940 it was qihtc again clear 
that these measures were not sufficiently drastic. 
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followed the otubreak of war 
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In Sepicmbcr the quota for Icxlilcs severely 
cut. la December the quotes for consumer gcurnds 
subject to the Umitation of SuppJies Order were 
reduced to 25 per cml. of the basic period vaJue 
for luxury art idea and ajliclcs using scarce raw 
materiaSs, and to 33^ per cent, or 50 per cenL 
for the more essential artktes. 

Meanwhile more positive steps were being 
worked out. First, in order to make sure that 
the slack created by the reduction in civilian 
supplies was taken up for increased munition 
produetton, close contact was cstabEishcd between 
ihe Board of Trade, the Ministry of Labour, 
and the Supply Departments, so that munitsDns 
contracts coidd be placed so far as possible 
tn places where labour or capacity was released. 
SeeondJy, tn order lo SKhkve more economical 
wwking of factories and to release labour and 
capacity w^hcre they wens most needed for the 
war clFort^ the policy of concentration of pro¬ 
duction (dealt with in another article) was intro¬ 
duced early in l^L Thirdly, the Control of 
Factory and Storage Premises was set up to 
receive, coordinate, and meet from existing 
premises the requirements orGovemraent Depart¬ 
ments for factory and storage premises for war 
purposes. 

Finally, it was decided that the shortage 
of clothing was likely to become so acute as to 
necessitate the rationing of consumers in order 
to ensure fair shares and prevent queues. Clothing 
ratioiung began cm June 1541. The method 
chosen was orre w^hich, while iimiting each 
buyer's effective total demand, gave him or her 
the maximum freedom of choice within the 
ratioiicd liritL Ehirchase or sale of rationed 
gCMads (clothing piece-goods and footwear^ but 
not hats) was permitted only against coupons. 
Consumers were given a coupon ''income" 
which could he used for any rationed goods. 
J’or clothing and textiles the coupon valua of 
each product was put roughly proportionate to 
the materiaJ lequEf^ to produce it and produc¬ 
tion planned to secure the output of each product 
then demanded by eonsumers. As between foct- 
wear and clothing points wore so adjusted as 
to tr>^ to induce consumers to buy the quantities 
of each which could be made available. Retailers 
in ihcir turn could secure supplies of rationed 
goods only against coupons which were passed 
back from stage to stage until they Ieachc^d 
manufacturers of cloth or footwear. 

The ration for oidiruiry consume rs Wiasoriginally 
66 coupons annually, Soon after the introduction 


of rationing, expectant mothers were given a 
supplement of 50+ Mtcr rallied to 60 coupons, 
Cliildicn recei ved supplements farst of 40 or 20 
coupons, according tn age, and subsequently of 
30, 20, or 10 according to Ihekf si7* or age. 
Industrial workers were also given supplements 
of varying rales according to the degree of wear 
and tear on their clothing which their work 
involved. 

The framework of this scheme has nrmained 
sut^taniially Lmchanged, and the efforts of the 
Board of Trade on clothing were subsequently 
directed mainly to improving and perfecting the 
sdicmc and la eusuriJig that supplies of each 
rationed article were available in the quantities 
required to impfement the radon. 

First utility clothing was introduced in the 
autumn of 1541 in order to permit an effective 
control of prices as well as to save labour. 
Manufacturers were given separate and higher 
quotas for speeided and priccn^ontrolled ardcles. 
Finzdly, the quota control of textiles and clothing 
was dropped in the spring of 1942. Instead, 
ntanufacturers were instructed to produce 
according to a prc-deLcrmined plan the required 
amounts of the various kinds of products. It 
was found otherwise that producers, faced with 
anihcial market conditions which they could 
not individually assess and with the etfect of 
demand muffled and distorted by price control, 
might neglect sonic essential goods in favour of 
others which were more profit able or otherwise 
attractive. For only the more necessary articles 
which could be reasonably standardized could be 
eifccLively pricc-conirolfcd. As a result prices 
of the less essential articles increased to a greater 
extent and proved more profftablc to manu¬ 
facturers. 

The control of other consumer goods was 
developed le^s rapidly. By,the spring of 1942 
it had+ however^ become apparent both that 
the prices of the more important of these goods 
needed to be effectively contnuUcd and that 
supplies would have to be further reduced so 
as lo economize labour. The production of a 
number of less essential goods, such as jew^elry 
and metal toys, was prohibited; that of others, 
such as hollow-ware^ was prohibited, except 
under licence, and the issue of licence was used 
to secure production of utility or near utility 
and prioMTontroLIed goods. For a few% such as 
photographic goods+ the quota output of control 
was maintained. 

For furniture it became neecssar^', as for 
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cloibJni^ to develop a scheniff Tor uoniroltine 
distribution, ProdaciJion was cooilned to utility 
furniture^ and permits to obtain such furniture 
lAere limited to applicants in certain priority 
classes^ such as ncwly-wedSp bom bed-out personSr 
parcUEs setting up house because they were 
expecting children, and parents needing beds for 
growing children, li proved impossible to evolve 
a full control of distribution for other goods. 
For hou^choEd goodSp such as pots and pans, 
most consumers do not need a supply each year 
as they do of clothes. But some replacement is 
indispensable^ as it is not for furniture. Various 
devices for sectiring priority for the more essential 
purchases were, however, worked out for a few 
products. 

Throughout this period, in order to seoura the 
noaximum impact for the invasion of Europe* 
labour and capacity were constantly being with¬ 
drawn from cisihan industry for war purposes^ 
and many materials were getting scarce- Man¬ 
power in textiles^ clodiing, and boots and shoes, 
taken together was reduced by 33 per cent, 
between mid-1939 and mid-1944^ and in other 
manufaciuring civUian industries by 33 per cenL 
Of the reduced total a very large percentage 
<49 per cent, in textiles, 39 per cent, in clothing, 
30 per cent, in boots and shoes^ and 79 per cent, 
in other manufactures in 1943) was eniployed on 
Government orders. 

In spite, therefore, of a reduclion in exports 
to one-third of the pre-war volume, supplies of 
civiljan goods on the domestic market fell very 
drastically indeed. The basic clothing ration has 
been reduced from 66 coupons annually to an 
annual rate of 4S for the lirst half of the ration 
year 194445, and [Tor adults) to 41 for the 
second half. The 43-coupqn clothing ration 
provides adults with only about half their pre¬ 
war consumption reckoned by quantity. Pur¬ 
chases for children have been nrduced only by a 
small percentage and total supplies are perhaps 
60 per cent- pre-war. Supplies of furniture and 
fumLshings were only abouE onc-lifth of the pre¬ 
war volume in 1944, and of hardware about one- 
third. 

Thc5C figures indicate the discomforts con¬ 
sumers have had to endure in this colnlt^>^ 
Without the arrangements to secure priority for 
the more essential products, price controE and 
fair shares, the hardships would have been much 
greater and il w^oiiJd have been impossible to 
release so much labour, materials, and capacity 
for w^r purposes. 


7 

CONCENTRATION OF 
PRODUCTION 

T he policy for the concentration of pro¬ 
duction was the logical consequence of 
the rcductEon in output fmpo&ed pn 
certain consumer goods industries by the Limita¬ 
tion of Supplies Orders and on other industries 
by restrictions on the supplies of raw materials. 
The reduction in the output of an industry 
without any corresponding decline in the number 
of producing Erstablishments necessarily involved 
a wasteful use of resources, except where Jirms 
could occupy their surplu.s capacity in the manu¬ 
facture of goods required by the Government, 
This waste of resources was particalarly evident 
in industries which met the fall in their output 
by putting their workers on short time, or w here 
indirect labour or other E\cd costs formed a 
hJgfi proportion of total costs. To have alEovved 
the civilian industries to continue to operate 
uneconomically would have been inconsistent 
with the policy of bringing about a complete 
mobilization of resources for war and would 
also have meant a Steep rise in their costs of 
production and so of prices. 

By the early months of 1941, moreover, 
labour was becoming scarce, especially in some 
areas, and an urgent demamj had appeared 
for factory space for war production and storage. 
In March of that year, therefore, the Govern¬ 
ment decided to supplement the policy of reducing 
the production of civiliaD goods by a policy of 
concentrating the production of each of the 
contracted industries on a proportion of the 
establishments, so ihai every cstablishmeni might 
be able to work as nearly a.s possible to its 
capacity. 

In the Explanatory Memorandum ou the 
Concentration of Production (Cnid, 6258) the 
Govcmmetit described its general objecnives and 
indicated the means by which concentration 
should be carried out. The industries selected 
for concentration were those in which, it was 
thought^ a substantial amount of surplus capacity 
existed, and the process by which concentration 
was achieved provides an illuminating example 
of the fruitful cooperation betweeu industry' and 
the State that has been a feature of this war. 
The Govenunent decided on the degree of 
concentration tn each industry and determined 
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thf3 conditions which a. Successful schemE should 
satisfy: but the achievement of the desired 
resuli depended very largely on the iniiiaiive 
of the firms themselves. 

The ^^^Ete Paper envisaged a form of concen¬ 
tration by which an individual firm would 
arrange to transfer to itself a sufHeient amounl of 
production from other firms to enable it to 
approach a condition of " fuli running."' The 
arrangement had to provide for the compicEc 
closing of the establishment, or establishments, 
from which production was transferred, the 
mainienance intact of the plant of the closed hmi 
(unless the premises should be miuIsiticnedL 
and compensation for the ** closer." 

A continuing firm which satisfied the condi- 
tions laid down for its Endusiry was officially 
recognized as a nucleus firm " and+ as such^ it 


was entitled to certain benefits which were with* 
held from others. The benefits included certain 
safeguards for its labour and raw material 
supplies and a qualified promise of protection 
against its factory's bdng requisitioned, h-omises 
were also given that closed firms would be helped 
to restart after the war. The w ithholding of these 
benefits from firms which refused to participate in 
concentiatioD arningemenLs constituted the main 
sanction behind the policv . 

AJthougli the Hoard of Trade was the depart¬ 
ment mainly responstble for the administration of 
this policy (except in the food indListdcs)^ many 
other departments were affected and had to be 
consulted. The Ministry of Labour, in particular, 
was much conccmcd with the question of the 
location of the continuing production and "with 
the problein of transferring w'orkers. Thus, so far 
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RcpTeseniadvcs uf worLcra and employers sitimg side by side at a meeiiag of a production commiitcc of a Eargc ordnance 
factory in die fiouih of England. Such conferences proved to be of great use in helpifiE to tlirrci production in factories 
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as possible, firms were required to work out their 
armngements so ihnt production wai concen¬ 
trated in areas where labour was relatively pienti- 
Mp and, as a couiUiJofi of recognition asnucleus 
firms/' they had to agree to release their younger 
and mare mobJe workers for the services or for 
employment on munitions^ and to replace them 
by older workers from tbe closed establLsiinients. 

The tasks of cjtamining the Labour force of the 
group of firms partidpadng in a concentration 
arrangement and of selecting workers for trans¬ 
ference to other indusUies, or from the closed 
firms to- the “ nucleus firms/' naturally presented 
difficnlties; in some industries local panels repre¬ 
sentative of the Goverontent, the workers^ and 
the employers were set up to assist in these tasks. 
At the centre the Board of Trade was helped by 
the bustness members of the Industrial and Ex¬ 
port Council who had the important function of 
enlisting the cooperation of ibc several industries 
in the pursuance of the policy. 

!n alf industries a period was allowed during 
which these voluntary individual proposals for 
conoentration could be pul forward, and In many 
trades a high proportion of the firms was covered 
In this way. in some industries, when this period 
had expired, the Govemnneni itself nominated 
nucleus firms from those which remained tmeon- 
centrated and rcituired them to conclude arrange¬ 
ments with Che non-Queieus/' The main depar¬ 
ture, however, from the type of arrangement 
described in the White Paper occurred in such 
industries as cotton spintilni, where schemes for 
a whole industry were drawn up. These pro- 
vided for the selection of the runners” and 
^'closers*' by the representativ'ts of the in- 
torested Government departments and the estab¬ 
lishment of a compensation scheme for the trade 
as a whole. In a few industries the trade associa¬ 
tion, or representative body^ advised the Govern¬ 
ment about the selection of firms under this type 
of arnmgemeni and operated a comp^sadon 
scheme that had received Governmental appro^'al. 

It might have been expected that the compen- 
saiJon arrangements would have been the source 
of major difhculiics tn the administration of the 
policy. In fact, however^ this was not so. In 
industries where concEniration toot place by 
individual arrangements the Government was not 
directly concerned with compensation, except in 
so far as payments made between the fu-ms in¬ 
volved questions of their trcaiment for purposes 
of price controL In many cases the nucleus firm 
merely contracted to produce a certain quantity 
of goods on behalf of its closed partner ” 


which acquired them at cost and sold them 
through its oontmuing scUing organization. 
Where, howe^-er, a compensation scheme for a 
whole industry was drawn up under which the 
" runners ” paid into a pool sums which the 
closers"' drew out for care and maintenance, 
the scheme had to be presented for official 
approval. The trcaiment of these payments for 
taxaliori purposes, and the continuance of wtar- 
and-tear allowances on the plant of the closed 
firms were dealt wath in the Finance Act of ISHl. 

Tbe Government had wisely confined itself 
in its While Paper to a statement of general 
principles. It was therefore possible for con¬ 
centration to take many forms appropriate to 
ihe diverse conditions in the industries covered 
by the policy^ As time went on, moreover^ it 
became necessary to revise existing schemes in 
the light of the changed needs of the war and 
sometimes to provide for a further contraction 
of producdon. 

From the bcgmuJng the Gov'emmcnl made it 
clear that nothing in the nature of a permanent 
rationalization scheme for any industry was 
intended. Concentration was a temporary 
expedient designed lo adapt the structure of the 
different industries to war-time needs in the 
interests of the manufacturers, the consumers, 
and the nafion. The insistence that the care 
and maintenance of the closed plant should be 
an obligattoa of the nucleus ** firm^ and that 
the cost of care and maintenance should be a 
first charge on any compensation fund, indicates 
that the future operation of these industries and, 
in particular, of the closed firms was borne in 
mind. This is seen, too, in the statement in 
paragraph 3 of the WTiitc Paper that the closed 
factories should be kept ready to start up again 
as soon as possible a fief the war/' in the promise 
that " the Departments concerned wiU then take 
all measures open to them to assist their speedy 
teopening/' and In the encoum^ment given 
10 arrangements by which tbe firm whose plant 
was closed retained a skeleton selling organlzalton. 

Some 70 industries or branches of industry' 
were covered by this policy as administered by 
the Board of Trade. They ranged from large 
trades* such as cotton spinning, weaving and 
finishing, boots and shoes, pottery, hosiery, and 
furniture, to sinuiU industries, such as toilet 
preparations and pencils. In addition, concen¬ 
tration was applied by the Ministry of Food to 
certain branches of die foud and drink trades 
and by the Mi nistry' of Works to the brick indnstry'. 
The process had been largely completed by the 
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spring pf 1942, arid by July of the following year, 
ivtien very little ren^iainett to be done except in 
the eluthing indiialrv', about 6,200 nucleus 
certificates had been issued by the Board of Trade, 
and some 3,500 establishjTietits liad been dosed. 

It is dlTIkrult to measure the quantity of re¬ 
sources released by coneentratjon, since other 
forces were operating on the industries at the 
same time as those arising out of this policy. 
In the figures published in July, 1943, by the 
Board of Trade, the gross factory space released 
as a direct result of concen I ration is given as 
about 70,1X)0,0Q0 square feet, and the net labour 
release as about 260,000. This latter figure, 
however, hardly gives an adequate guide to what 
was achieved, since even in industries in which 
the net release was small, a considerable aher- 
ataoD in the composition of the labour force had 
been brought about by the transference of mobile 
workers to niimitjons and their replacement by 
older or part-time workers. Concentration pro¬ 
vided not merely for the release of a substantja] 
quantity of nesources which would not o^er- 
wise have been available for the war effort, but 
also for their orderly release in places where they 
were most needed 
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PRICE CONTROL AND 
POLICY 

W ARFARE on the modem totalitarian 
scale ahnost inevitably implies in- 
nation, in the sense that the monetary 
dernand for goods of nearly all kinds will exceed 
the value of the supply^ unless prices rise far above 
the level of costs. The choice is not between 
inflation and no inflation, but between controlled 
inJiatioii and uncontrolled inflation. A nation 
which tried to conduct the war without pruvoking 


PRICE CONTROL AKP POLICY 

inflation could not develop its maximum wax 
efl^ort. 

To ensure that the nece&sary evil of inflabon 
has the minimum of undcsirablo consequenocs 
requires a simultaneous attack from many 
directions. Direct control of prices needs to be 
coupled with intensive action to reduce demand ; 
taxation should he the most drastic that can be 
imposed without unduly stifling ihc incentive 
to all-out production or creating intolerable 
hardship in individual cases ; savmg should be 
encouniged to thd utmost ; and rationing qr 
buying permits should be applied over as wide a 
Held as is administratively possible. Vastly more 
has been done along these lines to reduce the 
upward pull of excessive demand on prices than 
accomplished in the last war and the task 
of the pricc-cont rollers has been correspondingly 
tightened. 

The methods of prica control employed fall 
into three broad classes. Under the first, actual 
maxima, in terms of £ s. il, have been laid dowm 
for the various articles ; consequently an infringe¬ 
ment could be detected by inspecting the goods 
themselves, without reference to any records. 
Under the second, the maximum is related in 
some way to the price charged hy that particular 
seller for the same article, or a comparable one, 
at an earlier date ; cnforcerncni requirrs ovidenoe 
of past priceSr and is particularly difficult la secure 
where the nature of the goods has not remained 
absoluiely constant. Under the third, the 
maximum is related in some way to the seller's 
costs : this i-S not too difficult to check in the case 
of distributors, who are simply allowed to add a 
certain “tnargm^' to the amount paid by them, 
but with munufacturers a cost accoimtaars 
inveshgation is needM, and e^en then the pro¬ 
blems are formtdabEe. 

As might he expetrled, the tendency has been 
to use the method of cash Tnaxima over an 
e%er-widening field. The trouble is, of course, 
that it can be appLcd only to goods which are 
reasonablv standardised and can be id^odfled 
from the description in the Order. It wtis applied 
very' early in the war to many foodstuffs and basic 
materials, because fairly definite standards of 
quality existed or could he established ; even in 
these cases^ howeven compulsory standardization 
was oflcn necessary. 

Over the wide field of manufactured con- 
sumplion goods the difficulty of fixing actual 
prices was far greater ; there are innutncmble 
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diffcrcni articles, each made in a muliipliciiy of 
siyles and qtiLililics^ and with hardly any tktinite 
standards. The method first employed, under 
ihe Prices of Goods Act. vv-as tbererbre to (ay 
do\%Ti the general nik that no seller miyhi raise 
his price above the pre-war level by more than his 
costs had inouasedr Actioti to enforce this mle 
depended essentially on coraplainis from buyers 
to the Local Price Regulation Corrmnittees- 

Ti is hardly surprising that this Act soon 
ceased to have much mom than a moral effect. 
For enforcement purposes it combines the diffi¬ 
culties of both the second and third methods^ 
since evidence is required not only of past prices, 
but also of past and present costs. Its function 
was essentially to impose some restraint on major 
abuses at a tin’ie when prbes were moving 
rapidiy. 

As F.O.G. A. became mom and more meffective, 
systems of direct price-fixing have been pro¬ 
gressively evolved. These mostly have the 
common feature that some sort of mark has to 
be applied to each article by the m^ufacturer 
lo eiiJibEe it to be identified for price conirol 
purposes. Thus utility clothing bears the general 
utility' mark and a specification number; pottery' 
and enamel hoUow-ware are stamped w'ith code 
letters; chocolate and sweets have a product 
group number. These codes on the article 
may not in fact connote any precise quality 
standard—the so-catled " specifications" for 
utility wool cloth arc a case in point—and they 
seldom if ever imply that the anide has been 
inspected by the Government; hot they provide 
the indispensable means of linking the prices 
laid down in an Order to panicular articles. 

in these fields the cash maxinium (or “ceiling "! 
price has oAen been coupled with a provision 
thiit a manufacturer's price must also not exceed 
his ccHt of production phis a certain perceniagc; 
distributors are compelled to pass on the 
advantage these lower prices, because iheir 
margin is fixed. There are two main reasons for 
this provision. First, the absence of pmcire 
specification means that articles of varybg 
quality in fact have the same ceiling; this is 
particularly important with wometfs dresses. 
Secondly^ some manufacturers are more dTicient 
than others and can aasily sell below a ceiling 
fixed to cover the costs of the less efficient. 

This raises an interesting poinL which also 
arose in the field of basic maierials and food¬ 
stuffs. The output of the highcr^ost producers 


is needed, so that iheir receipts must cover their 
costs, and yet the low-cost ones are not to be 
allowed excessive profiiii. \V''1th some materials, 
such as steel, a single price schedule was fixed 
for all producers on the basis of average costs, 
and a pooling system adopted to djvcrt the excess 
profits of the efficient lo make up the losses of 
the less efficient; the fact that all users of steel 
paid the same price made prioe-fixins for their 
products much easier. In agriculiure such u 
pooling system was impossible, but again urn- 
form selling prices were fixed for the more or 
less standardized goods produced; devices such 
as acreage pav-ments and ploughing-up grants 
were adopted to give special help to hieh-cosi 
producers. With manufactured goods, however, 
the Bcnera] principle has been, m effect, to fix 
different selling prices for high- and low'-cost 
producers, with no system for deciding which 
buyers should pay the higher price. This 
apparently anomalous procedure has worked 
stirprisin^y wdJt partly because many buyers 
have not known whether the price differences 
with which they were confronted reflected quality 
differeHLes or not, and partly because ihe money 
involved was not suflklent lo induce people to 
hunt for the cheaper sorts in an ill-stocked market. 

One thing which is apparent, from a study of 
price control as applied to manufactured goods 
is the inuTKOse amount of work involved. The 
full schedule of utility clothing prices, for 
example, contains well over 10,000 different 
entries. Such a system would be bound to 
break down if there were frequent changes in 
raw materia! prices or wage-rates, such as would 
require complete revision of the schedule. This 
provides one powerful reason for ihe Ciovera- 
ment's policy of selling most imported materials 
at ixed prices, even if this involved a fluctuating 
subsidy bceause^ of changing prices paid to the 
oversea producer. Incidentally, it is a remarkable 
lesiimony to the Treasury's abhorrence of a 
coal subsidy that increased coal prices have not 
been " off-set"" in this way. since they affect 
so many indusuries^ costs, and must have caused 
a vast amount of consequential admlrtistTative 
work. 

Subsidies (and taxes) in one form or another 
ha^'e been a most important feature of the 
Governments price policy. The general objective 
has been to keep down the price of most consti¬ 
tuents of a minimum budget,” and to tax 
nofl-^sscniials very heavily. The subsidies have 
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in practice been concemmted ’v-ery lairgel^ on 
^s^entisd foodstulTs; the tqtaJ of these has been 
aimouaced from time to time as over £200,000p000 
per annump but a substantial part of this 
more ncasotiflbly be regarded as the cost of 
encouraging the maximLim output of horne 
agriculture, rather than as a subsidy to keep 
down the cost of living. With a few cxoeplionSj 
such as bread and potatoes, the articfes subsidbed 
have also been rationed^ so that the low prices 
did not stimulate demand. 

The Budget White Paper enables one to see 
the impomnee of taxes and subsidies ioTlhe 
Geld of personal expenditure on consumption. 
Before the war, £546,(XX>,000 was collected in 
indirect taxes (less subsidies), and this added 
about 15 per cent, to the cost of the goods end 
services. In 1944, these figtirts had risen to 
£1^033^000,000 and 25 per cent. The increased 
taxation of drink and tobacco, together with 
less important items such as the purchase tax, 
far outweighed the cost of the subsidies and left 
a very substantial amount to help pay for the 
war. In food aloDe^ however, taxes exceeded 
subsidies by £b74XKS,OQO in 193lJj but subsidies 
exceeded taxes by £56,000,000 in 1944. 

The White Paper figures also enable one to 
see the cfTcct of the Governments policy of 
keeping down the cost of a mLnimurh budget, 
both by subsidies and by vigorous price control^ 
while taxing non-essentiaJs. The cost of living 
index, which roughly measurers the foDiier^ 
showed a rise of about 30 per cent, between 
1938 and 1944; over the whole field of consump¬ 
tion:, however, includiug luxtio^ items, the W^ic 
Paper figures show an avemgc rise of about 
37 per cent., or about 44 per cent, if the effects 
of taxes and subsidies are etiminatjed. Price 
policy has indeed discouraged non-essential 
consumption, while ensuring that the minimum 
budget did not become unduly expensive. 

A comparison of price-movements in this war 
and the last shows broadly the same sort of 
results for the first two years, both for the cost 
of y vbg and for the w^holesaJe prices of food and 
basic materials. After that, however, this war's 
indices became almost alationary (albeit with a 
sli^i upward trend), whereas last time the rapid 
rise continued, and the peak was not reached 
until 1920. It is to be hoped that the methods 
which have secured relative stability for four 
years wnll also be used to avert a catastrophic 
po-st-wnr rise, such as oceumed in 1919-1920. 





Making a l7-pqunik:r anti-iank gun. 
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THE REGIONAL BOARDS 


D ecentralization is a phase in the 

growth Oif an organization. If it is sup¬ 
pressed or too long deferreds the centralized 
control becomes clogged w ith deta.ll. which forces 
it to work W rigid niJcs which can rarely be 
tempered for the special case. But dcccnualiza- 
tion, when it has to come, is never easy to 
organize. Like evetyThbg eUe, it can be overdone. 
It involves nice ctLicstions of combining ceotial 
direction of policy with regional or local 
discretion; tho promotion or appoinEmeut of 
new Staffs; publicity to explain and seh " the 
new arrangements and introduce the new men 
to aU concerned ; to say nothing of the diflkruJty 
of withdrawing from slaiT at the centre those 
functions which it has been dneided to 
decentralize. 

For many years the MmisUy of Labour had 
adopted extensive decentralization, because their 
admimstiation of the Unemployment Insiiraiice 
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BRITISH WAR PROPUCTfON 

Acts, involving ccintact Vk^itb the public ihraughou t 
the coimir>> could ckar]^' not be hundJed in any 
oihcr way, and it was not long aficr ihe Supply 
DepartiTient5 wcfc created ihai they loo begun 
to find iKc Ttced to locale some diebr slalT 
in ciut-staiicin!^. where they could mort rcadiSy 
deal with labour fcquiremenis, progress fug, the 
search for spare capadiy, passive air defence, 
and other problems of a mainly local character. 

But these activiiks of different Government 
Departments were in reality diOerent sides of 
the same orpmi 2 atioTi—the organization of 
British war prodnetion—and it graduahv became 
apparent that the deoeniniiized units could not 
be fully cffectivi; without coordination, any more 
than could the hcndquarttrs departments them- 
sclves- 

FroTTi the start all ihe departments concerned 
had adopted similar boundaries for ihc regions 
into which they dispersccL and the first attempt 
io provide for legionaJ coordLnaiion was by 
establishing m J940 boards I6rst knowTi as 
Area Boards) in each of the II reftons into which 
the countfi.' had been divided. After a period 
of working with separate advisory* committees, 
iho boards were in July, 1reconstj luted as 
Regional Boards lo include representatives of 
both employers and w^orkpeopLc as vtcW as the 
senior regional repicsentatlves of the Government 
Depnrtmerls involved Ln war production* and 
one of the former was appointed as a part-tiinc 
chaimnan. Mudii useful work was done by these 
hoards* but they were undoubtedly handii^pped 
by the fact that the chaiimcn w^cre not full-lime 
oiltcers^ and there was no one department at 
headquarters to which they could spedaify look 
to dispose of their diHkultics. As a result of the 
report in May. 1942 fCmd 6360}, of a committee 
appointed by the Minister of Production under 
the diattmanship of Sir Walter Citrine^ the 
RegionnJ Boards were again reconstituted, with 
ihc Regional Coni rollers of the Ministry' of 
Product ion as fuli-timc chaiimen. These chair¬ 
men are mcfi chosen for their standing in the 
industrial life of their regions. Since they hav-e 
had little executive audhorily, and iheir job 
is one of coordination, their personal qualities 
and background have been among the main 
factors Ln the success of Ihc boards. 

There are three represcntaiivcs of employers 
and three of workpeople, drawn mainly from ihc 
engineerifig industry, appointed by the Minister 
on the recommendation of the employers* 
associalions and the Trades Union Congress; 


each side provides one of the two vjcfrKjhairmeii. 
In addition io the chainrum* the olbctal metnbors 
of the boards are ihc senior regional repre¬ 
sentatives of the Ailmiralty, Ministry of Supply, 
Ministry of Aircnifi ProductioOt Ministry of 
Labour, and ihe Board of Trade, and of the 
Machine Tool Control; but there ts close collabo¬ 
ration by other dcpaiiniems whose repncseniativEs 
aiiend meetings as may be neoessary, Hach board 
is served by a local secicUiriat provided by the 
Ministry of Prodnclioiip the whole being 
administered by a headquiirtcfs regional division 
of the Ministry* responsible for corresponding 
coofiiination at the centre. 

It was early recognized that to secure close 
collabo ration the regionul stalFs of all depart¬ 
ments concerned had to be |ocal^^d logether. 
and with one or tw'o special eJiceptions this was 
arranged and brought with it the expected result 
that a great deal of mler-departrnenlal business 
soon begun lo be arranecd between the depan- 
mental offkers concerned without dependinE 
upon meetings of ihc Regional Boards, Never¬ 
theless. the boards normally meet once a mouthy 
but executive committees consisting of the chair¬ 
men, vice^hainncii* and oSicial members meet 
weekly, thus providing an essential basis for 
regular collaboration. There are in different 
regions various sutH^ommittccs which telievc 
the executive cormtiiitcc of a certain amount of 
work. In particular there are now DLstribution 
of Industry Committees sitting under Beard of 
Trade chairmanship. The Ministry of Produc- 
tion also estahlished 65 district offices^ and 
associated with them advisory district com- 
miticcs, eon-sisiini? of Ihree representatives each 
of workpeople and employers to deal with more 
localized business. 

These measures to secure coordination of local 
action were not at once completely effective. In 
the nature of things Ministries and ofiftciais who 
were rcspcnfiibk! for Iht production of muTtitlon.5 
were reiticlant to admit the ijiterposition of some 
authority away from the centre which mighL 
through excessive regard lo local circumaianoes, 
tnierfera with matters on which full information 
was not available local iy- One of the first tasks, 
therefore, w^as to aday iheir Fears, and ai the 
same dmE to ensure that the local slaffs were kept 
much more Ihlly infoiTned of the national picture. 
An intcf-dcpartmeniaJ committee winch w^s 
established ai headquarters was found invalLiable 
in this connexion. The committee provided 
agreed irisiructions to all regional staffs and 
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Uiat dtpiirtnients would kjccp Rcgiorkal 
Boards inJbnTUrd as fully as possible of tJieir 
various plans and ai:tiVLijcs. The instructions 
which were issued^ moreover* made clear due 
held in which the rc^oual organ ijad on would 
operate^ and reiissunirf departmcnis thal ii would 
not mterfonc in production details which were 
outside its scope. 

it soon became apparent that the organi^tton, 
which had been established for this piLirp 05 ie 
of coordinating ejcecutivcr actJon+ had two other 
major contributions to Tnake. In the first place, 
departments were tible to obtain from it much 
more compfehensive and reliable informiition 
about local circum.slances and the potentialities 
of local industi^. tt ts the very divergence in 
the point of view of the diiTefent Tegions which 
gives to the regional structure its great signi- 
dcance. Secondly* ccEilral govcnmicn! must 
frequently deal In broad polkries which apply 
with diSereni degrees of precision in diScrcni 
places and at differ cm times. The regional 
organization has been suixci>!^rully used to enable 
Unse policies to be applied with flexibility so 
as to meet local conditions aod local needs. 
It was found ll^at when the local reprcseniatlvcs 
of departments were agreed on a course of action,, 
they were able to cooperate in carrying it out 
to an extent which woLdd have been impossible 
if they had beeu entirely bound by separate 
instructions froiu each of their hcadquaners. 

The orB^nizatiofl was developed too late in 
the wiir lo be all-cmbracingt and it was not felt 
w^ise to bring under iis control certain activities 
wMcIi, although they were in the nature of 
common scrv'ioes, “were being adequately covered 
by existing organizations. 

There is not space to describe in detail the 


functions of the Regional Boards, which have 
varied in character and importance to keep 
pace with the diMiging war situation, but a few 
general remarks wHJ show how' they have con¬ 
tributed to the lull and clhctent use of pro- 
ductEon msoLEtces during the war, which wus 
their main purpose. 

nj They have provided a means of employing tJie 
experience and advice uf borb sJde$ of LnJiistry, 
not in TTiatlen of general policy, os can be done 
at headquarter, but in the cxccudoa of policies in 
the individual district or factory. This has betn a 
two'way between Co^Tirfiiment and indusuy 

and has led on each side to better unddsUmEliiig 
and more constructive action. 

(!!) Tlioy have prnvided a means of cooidmatlnE 
the activities of the various dcpiixtisuiais In the rtgioos. 

0) One of the most succeasfiil fealurcs of the 
boards has been [he way in which llrcy ha^e dealt 
with all monncT of emergencies which could not 
have been foreiccfi and for which no regular Jnstnic* 
lions could have been devised- They have kept 
the w-beeb t?ikd and preicnted many ddSciiltks 
developing into major issues. 

14) The work of the boards has natuiclly been very 
hirgclyi though by no means ciitircly> concerned with 
the use of cspaciiy and man-powTr and the nitempt 
TO balance the needs of the various dcpnrtments 
for local racilitks. In rctcni months they have had 
a large part to play in deal Eng with the consequences 
of r^uctioas in progmmmes and in s«lJig that 
proper explanations are made of the changes. 

(3j Under the general supervision of the baards 
ihe Ministry of Production has operated regional 
and districi capacity offices which, although estab¬ 
lished too late to be employed on the EreaL eixpansiDii 
of wiir pfoduction- have rendered vfllnoblc oasistanec 
in. placiflg sub-con tracts, and iu helping to bring 
imo use mai-glcial capacity, includEng srrtnll tuuts 
in country dLStiicts V* outworking depfits which 
otherwise would have b*™ difficult to mqbilLze. 


Women at wurk o n the assembly 
of Westinghnuxe metal rectifieta 
in a tempornry workshop. 
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(^i) It fiM b«n a funsrtioti or ite boards lo provide 
ill each u focos for difficLiUJes or cornplaicits, 

eiLher On ihe part of fijms or workpeopk, which 
have fratiiieEidy responded more easily to loc^ 
ccQsideratJon ihnn tb^ wokdd to di!icu$sion in 
WhitebalL 

Tho boards coiild hardJy have ^tioceeded had 
they not been tlie direct responsihility of a single 
War Cabinet Minister—the Minister of Produc¬ 
tion, He has been powerfully supported by the 
lUterHicphartnicnta] committee nieutioned earlier^ 
and by the bJational Production Advisory 
Courtcil, which consists of six nominees of the 
national employers" organizations and sk 
nominees of the T.U.C.+ together with H 
vice-cbairnien of Regional Boards. 
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THE GROUP SYSTEM 

I T has been said that if at DunJtiik the positions 
of Britain and America had been reversed 
the w'ar might very well have been lost by the 
aJlies. For the United States with its Willow^ 
Rims and West Coast shipyards planned In the 
grand style needed many months in which to get 
tooled up for production. Britain's tong experi¬ 
ence as the workshop of the world stood her in 
better stead and made rapid improvisation easier. 
A great part of our industrial potential could be 
switched almost overnight from peace to w'ar 
wort. It was improvise or capitulate ; and by 
our good fortune improvLsation is to the British 
factory man as compromise is to the British 
politician. 

Nothing in the story of the war is more 
fasdnating than the account of the manner in 
which this conversion was achieved. In Britain 
there are some 230010 w^orkshops and Factories. 
A few are enormous^ Lti the American tradition. 
Eighty per cent, employ only a handful of men 
apiece. These took their share of the heavy load 
imposed by the disasters of 1940. This spread 
of industryp and its Rexibilityp proved a lifesaver 


in making disperxal a practical policy as w^eil aS 
a deslrahlc objective when the German bomber^ 
got busy. The system worked. 

It vvas not only shipping space that kept 
chocolate from the shopa^ and not only labour 
shortage that made it difficult for a man to get 
shaved. The sweet people were busy making 
breech mechanisms and respirators, and from 
the razor-blade factories Oerlikon shells and 
tools and gauges were pouring. 

Factories that had made almost priceless 
Carpets turned to producing veiy modest-priced 
camouflage nciiing. The footbaJI-pool promoters 
used their huge premises to pack parachute con- 
taineis and build stonn-boats. Flares came in 
uniform Government cardboard boxes from 
works which formerly sent out exotic perfumes 
in elaborate packings. Stocking manufacturers 
made Bofors gun parts. And if the playroom 
went short of toys it was because a doll factory 
was busily producing thousands of a device which 
saved the lives of merchant .seamen^ and a toy 
manufacturer was making Stens instead of pop¬ 
guns. Even Londoners grumbled less about their 
travel difficulties when they knew that London 
Transport had been making bombers. 

Nor was aJl this a matter of accidental re- 
arraegement. To the toy-maker the Sten gun 
was an ideal job—small parts, neat assembly* 
The manufacturer of dog powders took as 
naturally to the production of watcr-steriJiziDg 
outhts. Rover may have had some off-colour 
dayii, but Later on Rome avoided an epidemic. 

No less ingeaious was the use of Eritaio^s very 
limited available space, Prisorus were converted 
Loto workshopi—from one former condemned 
cell came vital parts for aircrafE that saved many 
a pilot's life. We burrowed undergroLind inio 
the rock and slate and stone of ancient Britain 
to find protection from Luftwaffe bombs for the 
making of key tnstmments for our dwti’^ Lan¬ 
casters, A cellar of the Houses of Parliament 
was transformed into a wcM-organized factory. 
Thousands of tiny garages became the work¬ 
shops of a small army of sub-contractors^ many of 
them in the sotLih carrying on under attack from 
piloted plane^ long-range shellhrc, flying bomb 
and rocket. One man set up a machine under the 
front stairs of his home and then worked to one- 
thousandth of an idch. Another enthusiast 
prixluced small parts in a corridor adjoining a 
projection room at a cinema and worked a shlfi 
between the shows. For one important job a 
henhouse became a small factory', and shell caps 
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mstcctd of sKcEl eggs were turned out, with iui 
unaccusujmetJ regularity and speed* 

Some 20,t>tKJ wofTicn hecame out workers 
—using Lhc front parlour table as an assembly 
line and oil ling in ihe neighbours os extra hands, 
Jt seemed a little ihing, but it added thousands 
of man hoLirs to the total industrial ouipul of the 
nation. 

■" Not iL^ast important in the opcraiion of the 
ploughshares into-sworcLi policy was the develop^ 
Tnent of the group system, li was worked from 
very early days in industries which already had 
some arrangement of this kind, as in motor-car 
manufacture. But it grew to signiheant propor- 
ticiiis where often no active groups had pre¬ 
viously existed. 

Most striking example is in the well-told story 
of the Mu5berry " achievement, where the lead¬ 
ing firms in civil engineering w^ere mobilized to 
form a team which—w^ith departmental dtrectian 
and assistance in the provision of labourp trans¬ 
port, and materEals—used ail Its technical experi¬ 
ence and weather wisdom to beat “ impossible 
conditions, including even time and tide, whose 
uncoopemtivG lendencics are notorious. 

In almost every field of production newly assi> 
ctated fim’fcs. joined together by the parent 
Mlnistrv for the mon: rapid production of a 
weapon or store, helped each other to tackle 
common problems. Often they threw everything 
they had mto the joint pool ? necessity banished 
selfishness. Groups could draw on the research 
expericiicc of any unih borrowing From the 
special knowledge of one to break the bottleneck 
of another. 

When necessary they lent each other machinefy, 
materials^ and even men. The single test was— 
would [t speed the job and help to win the war ? 

Encouraged by lively individuals in industry 
and backed later on by organized departmental 
in ihc Mutual Aid Groups sponsored 
fcF>' the Ministry of Production and the techiiiciil 
panelE^ of the Machine Tool Control the group 
idea has proved a war-titne development which 
might usefully be adapted to the no less urgeru 
needs of peace production. In some areas— 
notably on Tyneside— seir-organization is to be 
coDtinued to help increase the total volume ot 
employment in the region s engineering shops. 
Elsewhere group Lmlning scherrt^ for apprentices 
or cquailv Important toremen s panels^, wlMre 
psvchology is a subject along with technical 
developmept, are lo be carried over after the war. 

From modest* but spontaneous, beginnsngs, 
the group idea has grown into a part of the 


nation's industrial set-up which many feel should 
not dlsintep^ite. Often the groups huve no fi.xcd 
terms of reference. Many depend for their success 
on the enterprise of enihtisiasts. All of them 
demonstrate once more that the adaptabiliiy of 
iSritish industry which has made possible war¬ 
time achievcmeni can help to ease adjusimeirit to 
post-war problents- 
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FINANCE OF INDUSTRY 

T he work of the Finance bniiicltes of 
the Ministrv of Supplv has besft con¬ 
cerned with ihns main aspects of ilw 
problem of facilitating the fullest use of British 
industry in the war effon. with as little dclrimeni 
as possible to its permanent structure and 
financial resources. First came conversion 
and expansion of industty for munitions produc¬ 
tion ; secondly, the provision of working capjtal 
on a sufficiently liberal scale to enable manufac* 
turcrs tp meet their comirutitienis in wages, 
materials, and overheads i and, thirdly, the 
assistance of manufacturers in exceptional 
financial dilficuldcs so that full war production 
was maintained. 

Of these problents the conversion of industry 
to munitions production and the large-scale 
expansion of individual firms came ftr^it^ alike in 
importance and point of dme. Industry it^lf 
ordinarily provides the capital assets it retiuires 
to meet expanding demands, but the abnormal 
nature of the expend! iure made h irievi table 
that the Oovemmenl should provide the means 
of expansion. Capital assistance^ cts thjs pre¬ 
vision has come to be known—^has been the 
principal Government instmment by which 
industry has been expanded and re model led for 
war productlon_ In some cases complete fac¬ 
tories, and In others exten-sions and adaptations 
of buildings, have been provided for contractors" 
use at Government expense, together with all 
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CH^uipmcnL plant, and fnachincrv' nece!k^r>' for 
th^if ope ration. 

lo gpcr^cral, die GovritimcnL^s policy has been 
In netain fni] rights of ownership over these 
assets. But where a contractor wished to own 
the assets himself, because he could foresee a 
post-war use for them, or where, owing lo iheLr 
nature, it impnicLicabIc for the Govemmeni 
to retain ownership in ibem^ as, for ciarTipICp 
in the case of biuldini alterations^, it was agreed 
that they should be his. This was subject to his 
agreemg to make a satisfactory contribution 
towards the capital cost, either at the outset or 
at the temunaiion of the scheme when the 
enduring benefit to the contractor from the 
Goveroment's expenditure could be more fairly 
assessed. 

The capacit>' created was worked lo the limit. 
Multiple shift working of the vast and newly 
recruited labour force meant that manufacturers 
had to meet financial commitments on an aito 
getber cxccpticnal scale. Management and labour 
were inexperienced In armaments production and 
methods of manufacture were more uncertain 
than in the case of peace-time products. Eteigns 
w^ere subject to frct|ijent mochfieatian and 
service requirements fluctuated with the varying 
fonuncs of the war. Clearly these hazards called 
for the utmost ficxibiliiy in finance. 

Two main steps were taken. First, the size 
of the problem was reduced by the Government’s 
policy of bidk purchase of many malcriais and 
comporvents and their issue to contractors^ 
without charge* for processing and assembly. 
Secondly, a system of ** progress payments." or 
advances on Government war contracts, was 
introduced. The essence of the latter arrange¬ 
ment was dial, within the contract price, con¬ 
tractors could claim monthly pa>Tnents up to 
90 per cent, of their CKpenditure* certified as 
having been properly incurred on the contract. 
Ownership in materials bought in connexion with 
the coniract was vested in the Government and 
work in progress was subject to eva ruination by 
the Govemmenfs technical officers—arrange^ 
mcilts which went far to ensure that moneys 
advanced in progress payments were properly 
secured. 

The progress payment system has proved, 
and still proves, a most effectivie way of assisting 
industry in the day-to-day financing of its war 
production- In cases where normal progress 
payments were insufficient, it was usually enough 
to arrange for an increase in their scale and 
frequei>cy. There has been continuous and close 


fiaison wlih the banks, whose functions have not 
been abrogated by these arrangements. 

It has inevitably happened on occasion that a 
firm's difficulties were too deeply licatcd to be 
cured by expedients of this kind. Officers with 
special qualihcatioiis and experience in the held 
of Industrial finance werc^ thcn:foie„ appointed 
and given wide powers of action. Sometimes 
loans have been arranged. Where necessary, 
munagements have been strengthened by the 
appointment of a Government nomioee. In 
extreme cases the Ministry^ acting under Dcl'ence 
ftegnlalions, has assumed complete control by 
installiiig an authorized controller charged with 
full responsibilities of managemcoi. it is a 
tribute to the adaptability of British indu.ury that 
very few such cases have arisen. Where unfettered 
control Was found to be nccessaiy the Govern* 
ment has acquired a company's share capital. 

The guiding principle throughout the war has 
been that llnancial considerations should not 
impede the fullest production of war materials, 
and the Ministry has aimed at securing this end 
with a proper regard for the public purse. 


n 

BANKING IN BATTLE 
ORDER 

T he most important function of the banks, 
judged by the work involved, is the pro¬ 
vision of cash whenever and whenever it is 
needed and of a safe^ swift and reliable nveans of 
remitting funds throughout the country. It was 
obvious that this vital service might be impaired 
in time oT war by enemy action involving dtnociJy 
or indirectly the head office or branches of any 
bank, and accordingly precautions were taken 
w^cll in advance of the ouibniak of hostilities. 
Principal among them wtis the system, of what may 
be called shadow branches,"*^ Under this plan, 
duplicate signatures of cusiumcis at any one 
branch Were recorded at its shadow branch " 
and the fluctuations in customers^ balances were 
not hied to it each day. The shadow' branch " 
was chosen so as to be not too Far away for con- 
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^nJertcc bui far enuLigh to avoid ihc likelihood 
of simiiltaDcoib dismembctment. 

By these arncigements, which atso included 
records of secuiitics and other cnjcial ileros, it 
was possible to reconstruci promptly and 
atcuiately the accounts of any branch which 
fpighi be put out of action^ and to conduct 
normal banking business by resort to the dupli¬ 
cate signature records. At the actual scene of 
disaster local initiative, sometime^i in eooperatjoo 
with other banks and with public auihorities, 
was thus able to maintain essential fadJtiics. and 
customers suffered virtually no interrupiion in the 
availability of their money or discontinuity in 
transacting their business. The system was tested 
early, though on only a smaJi scale, by invasion, 
when it proved possible for Channel Islanders 
iraching England to draw- ui the mainland on 
their balnnees with branches of the banks cut off 
by enemy occupation. 

Far more exacting tests, however, w^re im¬ 
posed by recurrent air raids, and the miooihiiess 
with which tho ernergency arrangements w^orked 
must have surprised not only very many of iho 
banks" customers, but the artificers of the system 
as w elL Sevenil hmidfeds of bank branches w ere 
put out of action, temporarily or permanenily, in 
air raids on London and many other places. 
Thus, one bank lost no fewer than five branches 
Lq Liverpool in one nightr lo Shefiteld, after a 
vioJent raid no the centre of the city, five branches 
of one bank aod branches from two others besides 
all reopened for business in the balLroom at the 
Cutlers’ Hall. One way or another, business was 
resumed almost immediately p without the con- 
fusion and uncenainty that would undoubtedly 
have arisen but for die foresight of officials 
working with hitle more than imagination to guide 
them. 

LL is a Uribute to British safe-makers that 
strongrooms withstood so well both high explo¬ 
sive and incendiary bombs. Imposing strains 
and stresses far surpassing those they were con¬ 
structed to combat. ■" Incidents are on record 
in which, by reason of debris and intensity of 
heal, a strongroom could not be approached for 
a fortnight or e^en more; yet the contents were 
ultimately found lo be intact, though sometimes 
scorched, or damaged by water, and the Locks 
moving ** sw«tly " as hefore. Here too the effi¬ 
cacy" of I he provisions was all the more tully 
tested because of the greater quantity of securities 
and valuables entrusted to the banks by cu.siomcrs 
contemplating war huiards. ^^phc^c seenntics 
were not available for soniie days, most business 


requirements couJd be met by use of the dupli¬ 
cate rocords al the shadow branch.; and to guard 
against the risks of invasion negotiable securities 
at branches on the cast and sonth coast fringes 
were physically removed Inlind, Again, after 
enemy action many thousands ot customers had 
reason lo be thankful for the safeguards provided 
by the night safe" facilities iinstalkd at many 
branches in the years preceding the war. 

An indispensable part of a smoothly w^orking 
cheque transmissicpn system is a centre at which 
debits and credits arising from the transactions of 
distant payers and recipients can be eKchangcd 
between the banks. Ordinarily the bulk of tins 
work is carried oat at the London Bankers’ Clear¬ 
ing House, hut the vulnenibiJity of the capital 
and the seriousness of the consequences of any 
interrupiion of the service made it advisable to 
shift the centre of the machinery- It has, in fact, 
been established near Sloke-on-Trent since 
September, 1939, and has opera [Cd satisfactorily, 
handling about 1,000,000 cheques a day, in spite 
of some delay in the time taken to clear cheques. 
Similarly, scvcrBl banks felt it advisable to move 
sections of their head offices to provLodal centres, 
thus partially dispersing the personnel and 
records of control- 

T^eoentiuliziition was also necessary in respect 
of curreancy^ reserves, and the enlarged quantities 
of cash held at selected centres in the provinces 
have ensured ihat currency has always been 
available wiihout fail (though on occasion 
local shortages hate occurred in coins of particular 
dcUDiruinations! for wage payments and other 
business and private purposes. The bicncascd 
use of currency under conditions of full employ¬ 
ments high wages, and big movcmcnis of force^i 
and civiNan population has put a l^vy strain 
on the banking system, whidh nevertheless has 
been smoothly Biid regularly met. 

At the earlier stages, when rapidly expanding 
war production was outrunning the ordinary 
facilities for finance, the enlarged flow of wiigcs 
and other outgoings from faciorics* shipyards 
and other establishmcnis often required more 
liberal accommodation from the bonks than 
might have been justified by uontiaE lesU of the 
proper limits to a bank advance. LaEcr, as the 
system of progress pa^tnents by Government 
departments came into opcniiion more widely 
and promptly, less exceptional facilities were 
needed from the batiks. 

It seems to have been thought^ at the outset, 
that the aggregate lending power of the banks 
might hate been strained by the demands of 
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War iiHiiistn.% and they wen: ofUdally asked lo 
confine their tending to vital national purposes. 
As things have [umed oat, Govcnuneni financial 
prov’ision for current and capital needs of under¬ 
takings on war production, the bulk purchase of 
namcrous foodstuffs and nrateriaK the 

coriisentration"" of industries not of hist 
priority* the Dinning down of stocks of goods 
in traders' hands and other factors have brought 
about a diminutLon in the demand for bttnk 
advances. 

Closely related with l1:k 3 llnancing of industry 
at war is the financing of industry emerging from 
war; and at this stage of changing conditions 
the TmasLuy has issued a fresh smterneut to 
guide the hanks in their lending operations. 
Mcsinwhile, in preparation for re-expansion of 
peace-time industry and trade, various banks 
have proclaimed their readiness to tuiance 
reconversion of industry, Tesetdement in trade 
and new^ business enterprise within rather more 
elastic definitions than w^eie ibimcrty observed 
of a " proper banking risk": and two new 
corporations are being set up, w^th banking 
support, to finance indusirial reoigani?ation and 
the launching or expansion of smiillcr under- 
lakings. 

Some entirely fresh funciions have fallen to 
the banks under pressure of war iinauce. The 
operation of a metietdous system of exchange 
control was an innovatJon calling for the rapid 
exerdit of technical ingenuity to unprovLse 
methods of carry ing out r«.ponsibi]ities delegated 
through the Bank of England. The complex 
requirements wene all the rnor« difficult to 
embody in a anoolhly working system by reason 
of frequent re%'isions of the official regulations 
rendered necessary by changes in the war situation 
and as observation revealed openings for leaka|;e. 

A spectucular task was the niobilization* under 
Government orders, of hundreds of millions of 
pounds' worth of customers' foreign-currency 
stcjcks and shares and their tmnsmissLon bodily 
to Montreal wbcTi the threat of invasion became 
iniminenL No less ingemicus was the utilization 
of the banks' internal machinery of collection 
and payments for carrying through all trans¬ 
actions in clothing coupons beyond the raiail 
stage. Day by day milLiorLS of coupons pass 
among retailers., wholesalers, and manufacturers 
through the banks, at which all but the very 
smallest traders maintain coupon accounts/" 

One way and another, then, the volume of 
w’ork to be handled has certtiLnJy not diminished. 
Each bank, however, has been required to 


reduce its total siaJT to a figure not exceeding 
S5 per oenL of the pre-w^ar number. Within ihis 
reduced personnel the proportion of w'omen 
has greaily increased, while temporary staff, the 
x-eiy young and the old have helped to fill the 
gap created by wilhdrawal of men into tlie 
Forees. To cite one bank's experience as an 
example, every other member of the pre-wur 
male staff has joined some brunch of the Forces: 
well over one-half the total present starf is on 
a ''temporary" basis; and nearly onc-haJf of 
the personnel now consists of women, as ag^iJn*;! 
less than one-fifth at the beginning, 

'the stringency has been parttcubrly acute in 
the eaEcgory' of men competent to Irili positions 
of some raponsibility requiring considcrabk 
technical knowledge and cxpchcncc. The result 
of the general pressure is to be seen in longer 
w'OrkJng hours and shortened, holidays, as well 
as in. deferred retiremenLs. Bank shifFs, like every 
one else, have borne and are bearing the heat 
and burden of the day in maintaining a vital 
service, without which ordinary day-to-day 
business in every part of the country would be 
infinitely more cumbersome and fraught with far 
greater risks, 

13 

SCIENTIFIC RESEARCH 

T here is no aspect of the war upon 
vi^hJcb scEentifie research has not t^n 
brought ID bear with fruitful results. In 
Naxy, Army, and Air Force, in respect of offence, 
defence, and commimications i in the workshop 
and in the fields ; in the mill and in the hospital 
rundamentaJ changes have taken place as the result 
of the systematic enlistment of the nation's 
seieniilic workers tn the service of the total war 
machine. 

Some of the advances have been made along 
more or less expected lines, as in the case of the 
brilTin.nl mclaliurgical work of Sykes which has 
led lop^eai improvements in our armour-piercing 
shell: that a proved metallurgist should better 
ihc performance of steels under peculiar con¬ 
ditions is not astonishing* Other of Lhc ads^ances 
will come as a surprise, in their nature, to many^ 
aSp for instancep the way in which the systematic 
appLication of stallsticai theory has vastly simpli¬ 
fied and cheapened that inspection which plays 
so vital a part in modem workshop practice. 
The work of the experimental psychologists on 
industrial fatigue, on the reactions of airmen, 
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and kindred subjects also Iks a little away from 
the more conventional examples of applied 
research. From the whole vast Held whidi 
includes, then, metallurgy, mathemades and 
psychology^ physical^ biological mental 
science, it is possible here only to select a few 
examples, nor must the most important be 
omitted because attention has often been drawn 
to them. 

Radar, the application of the technique of 
wirclesi waves to the location of acroptanes,. 
claims pride of place, howe ver often it has been 
acclaimed, since without it our limited air force 
could scarcely bavc held the Hun in check in 


the battle of the skies of 1940. 11 may be worth 
while, with an eye on those w'ho dccr>' the pursuit 
of pure science for its ow^n sake, to point out 
that this technique grew' out of the chain of 
researches pursu^ by Faraday, Clerk MaxweLT^ 
Hertz^ Lodge^ Marconi, and Appletoun of whom 
only Marconi was working for practical ends. 
Sir Edward Appleton had worked out special 
methods of emitting and receiving wireless pulses, 
in connexion with his work on locating the 
ionosphere, that is, tha electrified layers of the 
tipper atmosphere. Later, largely by the efforts 
of Sir Robert Watson Watt, it was found that 
The reflection of a wireless pulse from an aircraft 



Three phtuoaraphs illusiraung Ihe dcvclDpincnt of radio-loeation, which Brldsh scientEsls had in readiness at the oulbteak 
of wwr Left: the fiEjiier Lbrcction. aenaJ system. Tup right: Radar equipment fitted beneath the nose of a R.A.F. 
bcaufort Lower riiihE : A Radar view of the south-wesL tip of Wales as shown on the cathude^ray tube of the Hppuratus 
" - rafTted in R.A.F, mx^T^lX 
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could be dcicctcd c\cn when the aircraft was a 
hiindrcd miles away. 

How the Radar incihods have been developed 
by ihe use of verv- short waves, which allows the 
□sc of directed beoQis, is a fainiliar talc. These 
methods have bcim applied to the laying of gUDS 
aod the direction of searchlights. They have 
obvious possibilities afier ihe war as aids to aerial 
and marine aavigatian. What is not always 
pointed out, however, is that much of the theory 
used in this wakeless work is merely adaptations 
of the wave iheoiy of light devised and worked 
out to explain curious laboratory experiments 
in optics. Another aspect of research in wireless 
optics is the instnjment used for blind bombing: 
short Wireless waves which pcncimie cloud are 
made to furnish a kind of image of the groimd 
target. Wireless technique and wireless coiripo- 
nenis have been employed in the development of 
portable app^'Liatus for detecting buried land 
mines* although wireless waves, in the ordinal^ 
sense, are not involved. 

The study of the ionosphere, originalEy under¬ 
taken for the pure joy of investigation, has during 
the war led to another striking development. 
The electrification of the layers of the ionosphere 
is controlled by radiations from the sun: it 
builds up during the daytime aod falls during 
the night. As a result of the scientific analv'sis 
of this effect and its variation from month to 
month, it has been possible to forecast some 
months ahead the most suitable wave-length for 
radio communication over a given distance for 
any time of the day or night and for any pan 
of the world. 

Wireless waves are merely a kind of light 
waves; another kind of invisible light ihat Ms 
been the subject of research for war purposes 
is the infra-red. This has been applied for night 
driving where it enables driveirs to keep in touch 
without any visibk; light that might betray their 
prxjsencc lo the cnemy^ and for secret signalling 
and marking. As regards ordinary light a great 
amount of specialized research has been direcicd 
to the various problems of photography that are 
involved in taking successful photographs from 
the air. 'fhe camera mounting, the film, and the 
ttevciopment of the ftlrn have all been the subject 
of most interesting developments, based pn 
systematic Jaboratory^ work. It may be mentioned 
that photogrdphy from the air of the water 
surface near beaches was* made to give very 
valuabfe information as to the depth pf water 
by the application of the science of hydro- 
dymamics. 


Turning from light to sound, the most 
sensational war researches here have been the 
acoustic methods for locattug submarioes. Tha 
method called i\sdi.c is. In a way, simiiar to 
Radar: once more a spurt signal is sent out, only 
here it is the sound wave from a sharp ping/' 
and its reflection from the hostile craft, in ihis case 
a submarine, is received. The interval bciwinzn 
the emission and reception of the signal gives the 
dislanec. 

Another aspect of tlte menace from the sea, 
and the part played by science in its elimination, 
is the magnetic mine, overcome by the " deg^us^ 
sEng of ships and ihe swe-eping with an Invisible 
eleelfic current between two ships, instead of a 
cable. The apparatus here was relatively simple, 
but the manufacitue of that for wireless and 
sound was a great war undertaking which like¬ 
wise entailed much research, followed by develop¬ 
ment and planned maoufaciurc on a great scale. 
The sea reminds ns of quite another aspect of 
w-ar research, that on the utilization of seaweed, 
w hich is 50 plentiful round our coast, for food and 
textiles. It is said, for instance, that excellent 
custard powrder has already been produced. We 
arc in a fair way to have shorUy rayons, or 
artificial silks, made from seaweed^ hut this is not, 
perhaps^ mainly a war interest. 

As regards more conventional food production, 
researches carried out at RoLhamslcd and else¬ 
where on artificial fertilizers, control of insects^ 
constitution of the soil and on plant diseases 
have been of great benelit lo our agriculture. 
Here again staiisdcal work, mainly due to 
Professor R, A. Fisher, directed to the design of 
experiments calculated to give the greatest predse 
information with the least experimental effort^ 
has been fundamental. Research on soil microbes 
]ip.s led to a new process for preparing manure. 

Another aspect of the iriaucncc of research 
on our diet is the w ork carried out by the Ministry 
of Food in close collaboration with the Efepart- 
nient of Sdcntific and Industrial Research and 
the Medical Research Council. Nutritiodal 
science has provided the basis for planning our 
war-time feeding. One example of the work is 
dehydration, or the removaJ of replaceable water 
from foods such as eggs, meat, and certain vege- 
tabtes to save shipping space. Laboratory work 
has been carried out at the Low Teniperaiure 
Research Station of the D.S.I.R., the main end 
in view being to maintain the nutritionai content 
while preserving a product that can ultimately 
be made to re^mblc more or less closely the 
onturaJ food. 
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Duiing the whole course of the wur intensive 
research has been carried out on ihc composition 
of our bread, from the point of view of vitamin 
couTent, baking quality^ and keeping. One out¬ 
standing result of the work carried out in the 
Cereals Research Station is that we now know 
where the nutrients arc concentrated in the wheat 
grain and can anticipate the results of any milling 
poEicy from the point of view of food value. 
Again, the insect problem has been successfully 
attacked by the entomologists. In the last war 
large stores of pain were desu^oyed by insect 
pests, but, as a re-suli of research, in this war 
such losses have been negligible. 

The applications of chemical research 1 
t^tplosives, artificiial rubber, and ortlficial resms, 
5 ut± as the tnuisparcnt plastic used to make 
windscreens in aeroplanes, are w^ell known — 
at least, the fact that chemistry has been so 
applied is well known. Owing to the cincurnstance 
that gas warfare never broke out, little has been 
heard of the vast amount of research that has 
been done on war ga.scs and on counter-measures 
against war gases, such as ointments, special 
gas-masks, and so on. 

There seems little doubt, however, that it 
was our state of preparedness, which was well 
known to the Germans, that saved us from gas 
attacks, while at the same time the enemy was 
led to expend man-power and ireasure on pnepara- 
tioni for such attack. We owe much, then, to 
the researches of our chemists and physiologists 
in this ftcid. Our meteorologists also played 
their part here, a.s they have in calculations 
relative to fog clearance from aercidnomes by 
lanes of burning petrol which have been described 
in the Press. Small-scale experiments by Pro¬ 
fessor Rankinc were also fundamental for this 
striking operation. 

Research on explosives has led not only to 
various new' explosives, but also to investigation 
of the remarkable effects that can be prodiiotd 
by giving destructive charges special forms, about 
the effects of which very little was known before 
the war. Charges hollowed out in certain ways 
produce much more powerful directed local 
blast than the same weight of explosive in 
ordinary block form. Such shaped charges, 
as they arc called, have been extensively used 
for demolition and for airborne bombs designed 
for piercing armonr or concrete. 

In [he field of medical rcseafch much ha.s 
been done in devising an improved system of 


vaccination against typhoid and paratyphoid 
fevers, cholera, and other endemic diseases, 
hut the most striking achievement has been 
pcfiieiltin. The angina! observation and the 
preliminary development of this powerful agent 
against the staphylococcus and other disease- 
producing organisms vtsls made by Sir Alexander 
Fleming, after which Sir How-ard Florey and 
Dr. Chain produced the substance in a purified 
form. Active research was then carried out by 
the organic chemists, in particulai: Sir Robert 
Robinson at Oxford and Professor Heilbron in 
London. Finally came the question of produc¬ 
tion in quantity, which was taken up on a big 
scale by English mafniracturers and on an even 
tEirger scale tn America. This Is a sketch of the 
kind of chain that tE^ads from a discovery 
in a laboratory devoted to pure research to 
producuon in quantities that put the result at 
ihe ser^ ire of all who- need it. 

At the Kational Physical Laboratorys besides 
the usual work on, for instance, the testing 
of ship models and of aircraft models in experi¬ 
mental tanks and wind tunnels, which goes on 
WL^k after week, u great variety of special research 
jobs have been tmikrtaken. Far instance, in 
connesian with Pluto, the pipeditie which 
conveyed oil from England to Franccn a great 
deal of skilled experiment had to be done on 
the coiling of steel pipies on dnidts before it 
wa,s possible to lay the line successfully. Another 
odd job carried out at the laboratory was the 
design of special machinery to wash the explo¬ 
sives out of Einexpiodcd German bombs found 
in inhabited areaLS. 

For every example of our war-tLme research 
thal has been given here another one that he 
may ihink just as irrpoftant wili occur to the 
reader who has been in touch with the sclentitic 
side cf the war effort. What about jet propulsion 
in the rocket and in the jci^propeiled plane? 
What about the modern aeroplane compass ? 
What about the metillur^cal research that lie,s 
behind the modem supersession of riveting by 
weldtng 1 What about the examinaiion of 
structure by X rays- -non-destructive testing, 
as it is called—which has been so successfully 
developed by Dr. Pulltn for the Ministry of Air¬ 
craft ftoduction 1 These and a dozen other 
examples ilcscrve all the good w^ords that their 
advocates could dennand- No research, however, 
has found a radically new way of making paper 
economically from home-produced niateriah 
and in the end it is paper shortage that confines 
such surveys as this to a brief compass. 
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FUELfAND POWER 

C OAL rnming has b^n ii problem industry 
during live years of the war. Al! was well 
for the first few months. There was no 
sign in piibhc policy or in the reliilion of output 
and demand to indicate more complex diificullies 
ahead than those to be expected in the working 
up of output to meet the increasing needs of the 
war industries here and in France, for power, heat, 
and lighL Many young mLners were embodied 
wi^ the Territorial Army and the Reserves, but 
this removal of man-pow^r was not particuliirly 
disquieting because the empty places were taken 
by iDcn who had been unemployed. There was, 
in fact, ait inctease of individua.! annual ouipuL 
Thounii the strength of the Labour force of the 
mines declined in 193? the annuaJ output of the 
individual worker increased and the total output 
of the industry increased also, 

in the sprinE of 1940 output wa.s raised to 
nearly 5,000,000 tons a week, France had added 
to her demands, and with growing needs for larger 
supplies the industry raised it* employed rtmn- 
power abovne the level at which it stood imme¬ 


diately be tore the outbreak of war. This increase 
was made possible by relying more on elderly 
workers and e^cn by calling back men who had 
retired. It was the time of the GgrTnan onslaught 
on Belgium and France. In June came the 
collapse of France, the entrance of Italy into the 
war. the c u titng off of the contmentaL demand and 
sudden cessation of exports for which there could 
be up Lmmediate compensating demand at home. 

E.\portb had amounted to dT^OOO.OOf) tons in 
1939; they required 27,{)00.1M)0 tons in 1940 
tmainly in the first live months), and collapsed 
to 9,t>00,000 ton* in 1941. There w^as at once a 
migration of skLrplu.s miners from the exporting 
coaliields into other industries, dnefly munitions, 
and a certain number—many fewer than has been 
commonly supposed—were called up for military' 
service. What was even mom senous w'as the 
failure of the industiy lo recruit a sufficient com¬ 
plement of young workers to ensure the future 
SErength of the kibour foroe. 

Output has fallen seriously and consistently ; 
man-power has declined, and a dimlnutiDn ol 
individual produetion has still further decreased 
the supplies of fuel. Whereas 230,000^000 tons of 
coal were mined in 1939 the quantity in 1944 was 
only 184.000.000 tons. Tlie annual output of each 
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worker was almost 302 ions in ^939 anU only a 
LiLtJc more ihan 251? ions in 1944. In ibc Jaiter 
year fortiifliitely opeiii^t workina came to the £iitl 
of the coimiiy with a production ofS,600+000 tons- 

For all that the munitions industries and the 
public utility undeitakifiipj have not been with¬ 
out coal, nor has industry^ gcnetaJly except in 
isolated case^ while householders who have 
failed to receive the full amount of iheir severely 
limited allowances have had more reascti lo put 
the blame for the dchciency' on transport and hard 
weather. 

At times the mariin of supplies, including 
stocks hoarded in the summer^ has been mirrow^ 
but the Minisiiy of Fud's control of distribution, 
combined with its regubition of industrial supplies 
according to an oflScial Tneasuicmenl of essential 
wants and its practkal instruction in economy+ 
prevented disaster. The programming ” ol 
supplies was most successful. There was besides 
a fuel efikiency ser^aoc, orEanized by Dr. E. S. 
GnjmelJ. A staff of S3 full-time fuel efficiency 
engmoers and 642 part-lime voluntary^ engineers 
visited nearly 24^000 factories and made 15.00Q 

foUow^-up" visits in the two years 1943-44+ 
with notably good results. 

In Juncj 1942. the Govemmcni assumed full 
operational control of the mines and announced 
the intention to organize the industry on the 
basis of niitionaJ service. " private interests 
being subordinated to the overriding n^ds of 
Lncrcssed production,’* Hitherto the Govern¬ 
ment's control over production either in coal 
mining or in any other industry had not exiended 
to the exErcise of day-to-c^y responsiblyly 
for the processes of production. The Mines 
Department of the Board of Trade was exalted 
into an independent Ministry and provided with 
elaborate headquarters and regional staffs. At 
headquarters the Minister was assisted by a 
production director, a labour director, a services 
director (responsible for distribution and alloca¬ 
tion of coal), and a finance director. 

A national coal board, linking J^dquariers 
and [he districts, was entrusted with advisory 
duties an the general planning of production 
elfjciency^ the maintenance of man-power, wel¬ 
fare, health, and safety. En each coai-producing 
region a controller was appointed to exercise 
the powers of the Minister “to assume control 
of colliery undertakings and to give directions 
to the managements regarding the carrying on 
of the undertakings.But the Govemnieni 
did not supersede the coUiciy managers or 
subordinate them to any exlemiil control in the 


detailed working of the pits. Day-to-day nnotage- 
mcni was left “in the hands of the managers, 
who will conti nue lo be the serv ants of the owners^ 
though .subject to removal at the instance of the 
controller should he deem that course necessary." 
1'here was therefore the dual control+" which 
WiAs to be consistently criticized by the mine- 
workers* leaders as a limitation of the Cioveni- 
mentis power to override private iniEresis. For 
no mom than a short time did Goverrtment 
coDtrol quieten the campaign of the minen! for 
complete nationalizatioTi, 

In the finance of the industry Govcrtiment 
control had far-reaching effects, The wage 
awards of the Greene and the Porter tribunals 
made additions to the eamiogs of the miners, 
which bore hajfdly on the undertakings and 
coalfields wnth a low man-shift output and 
therefore a* high eost-of-produclion rate. A 
method of equaimng the added burden was 
found in the Coal ChargEs Account. The account 
is a financial pool. With a levy of 12s. a ton 
on all output, the account %vas not balanced 
last March, and there w^ts £11,500,000 of 
indebtedness to the Treasury, to be recovered 
later from higher- prices of coal. Eight coal 
Fnining districts contributed mom to the account 
ihan they drew out of it; L1 drew out more 
than they paid in ; and one had an almost le^-el 
balance- Some large net amounts were drawn 
from the account last year—^£3,941 ,C10£> by 
Durham ; £7,503,000 by South Wales ; £1+607,000 
by Lancashire and Cheshire; £3S6+000 by \ ork- 
shire; and £465,000 by Cumberland. Ah coaU 
fields receiving from the account more than 
they pay into it arc not self-sustaining at the 
present le^cl of costs of production and prices. 
Mr. Harold WLlsan, w ho was at the nme Director, 
of Economics and Statistics at the Ministry 
of Fuek has written that " by the end of 1944 
economic laws had ceased to apply lo the 
indnstry'."^ 

For the secondary sources of fuel and power, 
excluding liquid fuels, the mining industry' l^^l 
year supplied 20,700,000 tons of coal to the 
^ industry, and the gas undertakings produced 
330,000.000,(XK) cubic feet of gas and 7,6CiO,000 
tons of coke for general consumption. 

For the production of electricity the mining 
industry supplied 24tOCIO,OOU tons of coal, and 
the eiectricitv and raitway and transport under¬ 
takings pf^uced .32,800,000.000 units of 
electricity. The coal carbonized in coke ovens 
was 20,100,000 tons, which yielded 14.100,000 
tons of coke and 95 , 000 . 000,000 cubic feet of gas. 
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THE BATTLE OF THE 
FACTORIES 

T he toil taken of Britiiih induiitfy uniJcr 
the liiite phases of enemy bombing 
mieht have been more serious if ii had 
not been for the intensive work of the EmerEcne^r^ 
Sen-ices Organiiation. 

ThroLiBbont ihc country there J 2,000 

cases of damaije to war production factories 
arising from enemy action. Roughly half this 
number were in the London regionp where after 
D Day there were 2,500 tncidenis resulting from 
flying bombs and about l,CMXl from rockets. 
Many factories were hit on more than one 
occasion, and one factory t of Messrs. 

Siemens and Co. of Woolwich, was damaged 
on 27 separate occasions during the first stage 
of the war. In July, 1W4, ftying bombs damaged 
3,200 London factories, and on some days during 
that peak month as many as 100 factories a day 
were daniagcd by direct hit, near miss, or blast. 
Morale was sternJy tested, but wort stopped onJy 
for employees to seek shelter under benches and 
machines when the flying bombs were nearly 
overhead on the direct line of approach. 

Equally severe had been the threat to war 
production during the “ blitzes on U%'erpuoL 
Manchester, Birmmgliam, Coventry^ Sheffield* 
Bristol, Exeter, Plymouth. Cardiff, Sunderland, 
Bath, Barrow, Southampton. Portsmouth, and 
Hull Essential services were disrupted and 
hundreds of factories put out of action ovefuight. 

Effective machinery'was introduced Co keep the 
production centres running. Lord BcaverbrcKik, 
when first Minister for Aircraft Production, 
demanded high-speed repairs for factorip when 
disrupted by enemy action* fire, or explosion, and 
E.S.O-”—the Emefgency Servkes Organfza* 
tion—came Into being to achieve this task, the 
full magnitude of which, under flying bomb and 
rocket attacks, could not have been forr^rir 
E.S.O, w?as devised in detail by the Ministry 
of Aircraft Production, and authorized to act 
for all Supply departments, including the 
Admiralty, Ministry of Supply, and of course 
the ttsclf, and the watchword of E.S.O. 

was Help Industry to Help Itself." The bulk 
of the rescue and reconstruction work obviously 
had to be done by industry itself, sliKe the man¬ 
power position made il impossible to keep a 
standing army of reconstruction eKperts.. Bnt 


Sir Peter Bennett, who devised the E.S.O, plan, 
knew that the job could be done. He was as.slsted 
by Mr. F. J. E. Brake of the M.A.P. in the early 
negotiatioris with the Engineering Employers' 
Federation,, and CapLiiin Spencer Freeman, 
the Regional Controllers of the Ministry of Air^ 
craft Productioo, and Mr, W. Strath in con¬ 
verting the scheme to a working reality. 

Central and regioual ammicmcnts with the 
Engineering Employers* Federation led, in July, 
to the formation of reconstruction panels in 
128 industrial cen tres t h roughout the country. Every 
member of these panels was a voluntary worker- 
civil engineers, industrialists^ production and 
enginocri n gexecuti ves. builders and adminlstra lots . 

The Ministry of Works lieiegated powers to 
E.S.O. for authorizing constructional works and 
established huge stocks of certain building 
materials at depots throughout Britain, Imme¬ 
diate access to other controlled materials was 
arranged, and the Ministry of Labour also gave 
an overriding priorUy for building labour. Nearly 
500,000 tarpaulins—which might be regarded a.s 
the “ penjctllln of emergency repairs—were kepi 
in store, as well as ^^rlous equipment for first-aid 
repairs to supplies of gas, electricity, steam^ com¬ 
pressed air+ and refrigieration. Thus the machinery 
w as all set to face enemy action ; but one thing more 
w'as necessary' In order that E.S.O.couldajctsvviftJy% 

A nation-wide intelligence " system was set 
up so that not only could the E.S.O. machineir 
come into action at once w^hen an incident weis 
reported, bnt Ministers and production directors 
could be Informed immediately a factory was 
damaged. From that moment Initiative rested 
with the reconstruction panels, who were guided 
and coordinated by the Regional Controllers at 
the Ministry of Aircraft Production in consulta¬ 
tion with the Regional Controllers of the Ad- 
mirdlty and MinisEries of Supply and Production. 
The nerve centre " of this great organlzaiion, 
covering ail HS- areas* was at tite Ministry of Air¬ 
craft Production Headquarters. Loudon. wHcfc a 
staff worked watches to keep a 24-hour service. 

Since conditions varied to each area, panels 
w*ere left to settle then own internal organiza¬ 
tion. CoiTfCentnited enemy action, as in Cqv'entry, 
BirminghiUiiH or TralTord Park, Manchester, 
called for different treatment from that needed 
for sporadic damage. Each panel, however, soon 
found that for the speedy restoration of produc¬ 
tion, the needs might fall under one or mote of 
the following headings i— 

elecEridty, water^ sewage, tdephanes* tranv 
port, labour^ bomb-disposal, temporaiy manufactuj- 
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iQB tactic^ repair^ to fabric of ihc 

buildinfa^ compreiscifi, bolleri, hc:itmg-LiniEs. heat- 
ircalnwotn rapaio to jmd rcplaccincrit of nia£hiO't> 
tools electrical equipment^ 

Intensive dunnage in a concentrated urea en¬ 
tailed shortages of all resonrees and concomitanl 
priorities for which advance amingeEnents were 
made for appropriate emergency committees with 
all interests represented, Weatherproo&ng of 
plant and resioraUon of esscnlial services were 
the Sirsl concern concurrentEy with any problems 
of emergency feeding, hoiisLngn and transport of 
production workers. Panei members received 
functional assignments i times for completion 
Vbero 5 ct to conform to a planned programme of 
restoration. As many of the factor^^ operatives 
as were useful were organized for salvage pur¬ 
poses. Weatherproofing was ctrected by liggiog 


tarpaulins, lent by to roofs and places 

where a building was open, lor cov’ering pliint 
and equipment and restoring black-oui. .Arrange¬ 
ments with the Machine Tool Contro] ensured 
immediate treatment of machinery with a rust¬ 
proof solution, classification and removal of 
machine tools for repair, and temporary replace¬ 
ment where necessary. 

In order to keep to restoration-of-production 
time schedules* panels invoked mutual aid 
schemes, established in advance between war 
production factories, to supply deticient resources, 
such as specialist technicians, budding operatives* 
roofers and shccters, cranes, welding e*arr and 
so on. either in casualty factories or to restore 
essential services^ Repairs to factories and 
workers" houses in the London area were carried 
out largely by the casualty firms' own production 



A valuable link was forged betviccTi workers who helped to make the ahcrtifl and armaments timl ihe men who used them 
in battle, by the frequent visits made by men of die ssrvlm to war factories. Here sm A.A. gunnery Qlticer ls seen 

addressing wnikcrs at a facEory. 
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labour, owing to the pressing need for btilldicE 
opcmtivcs for ottMLT housing repairs. The pro¬ 
vision by neighbouring factories of JocaJ 
temporary maniifactiiriog space and equipment 
also figured prominently In miitual aid schemes 
and was frequently invoked 

For the fabric of the building the lirst steps 
wem demolition, where necessaiy, making safe, 
and clearance of roadways. Next rollowcd+ after 
consiiltarion with the rcconstniction panel, a 
specUkation of minimum repairs necessary to 
restore production based on war-time standards. 
Approval of these proposals and replacement or 
repair of machinery and plant led to resEimpiion 
of norma] conditions. More permanent repairs 
were deferred until circumstances permitted ; 
meanwliije'assiitance to firms in recovering costs 
from the War DaxnagE Cammission was rendered, 
fn some vsses, where repairs m sifu were not 
practicable, dispersal premises were found and 
production transferred. The number of such 
cases was companitively sraaJl. 

tn the absence of appropriate departmental 
machinery, the E.S.O. network of panels, with 
their local knowledge and contacts with all 
factories in their districts, was used frequently 
as spearheads in campaigns requiring urgent 
national action. The organization successfully 
obtained the full cooperation of Government 
departments when it was necessary^ to bypass 
normal administrative procedure to minimize 
loss of production. 

Over-all control of E.S,0^ was assumed by 
Sir Allan Gordon Smith, with Mr. Brake as 
deputy^ in June^ 1941, when the Ministry of Air¬ 
craft PrcMiuctior Regional Organization was 
formed. Incorporating the Directorates of Passive 
Defence, Produclion and Capacity, and Dispersal 
of Factories. Captain Spencer Freeman dis¬ 
charged the executive responsibility for E.S.O. 
and devoted his full time on a voluntary basis 
from the day of its mocpilon in July, 1940, unlit 
after the cessation of the heavy flying-bomb 
attacks in September, 1944. Mr. V. C. Jianson 
was Deputy Director, E.S.O., and Mr. R. Lillke 
served part-time at headquarters coordinating 
the work of tbe London panels. 

The kcvnoic of the Emergency Services 
Organization was speed of action and cncouragE- 
ment of local initiativ'e : the motive power wtis 
the eiiihusiasmt public spirit, and devotion to 
dut>' of 3,000 unpaid industria] cxecutiics and 
technicians, with a very small nucleus of loyal and 
untiring oHiciah ai Regional and Cen iral H .Q., who 
together fought and wonthcfialtk of the Factories. 
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WORKS RELATIONS 

T O men and women in indost^ the victory 
in the war has been a triumph of the 
mind as much as of luaterbl things. In 
the workshops they would nol contempluie 
defeat. Largely this stemmed from a sense of 
individual responsibility greater than at any 
previous time in British history : and largely ihri 
Itas been consciously deveJoped by individual 
managements and workers^ representatives whoiie 
war-time experience in ihc huilding-up of factory 
information services provides a pattern for the 
future. 

it became clear in the very early days of the 
war that people in factories wanted informiiiion 
and not exhortation as an mcentivie to great 
effort. When tbe Ministo' i^f Labour investigated 
absenteeism it found that " perhaps the most 
significant of vyhat may be described as psycho¬ 
logical causes is the Lack of real interest in the 
job and a lack of conviction of its importance 
and urgency, due often to igoorance/" Abseniee 
figures were low in those plants where this fact 
had been appreciated and combated. OlBcial 
help, when it arrived, took the fonn of a service 
which drew its inspiration from the provision of 
facts. It became known^ and continues, as 
“works relations,” 

A new figure, the works relations olBccr,’^ 
made his appearance In industry^ first in the 
Royal Ordnance factories administered by the 
Ministry of Supply and later in priv'alcly owned 
faclDrie^ up and down the country. 

!l was his job to organize a programme of 
factory' activ-iiy which included the use of service 
speakers, who talked of their battle cxp^ence 
with the weapons their audiences madCt specially 
designed posters, weapon demonstrations (par¬ 
ticularly for the small component producers!, 
factory and mobile exhibitions^ filin shows* 
produclion charLi, wall n(ewSipaper&, and so 
on. 

In addition to playing their part in the main 
job of building up good Entenial relations* Lhese 
things were used to tackle specific problems. A 
production chart in an iron ore mine stepped up 
output by 14 tjer cent, in a week : Jt simply but 
graphically told the mine workers that without 
their ore Britain would be ^hort of steel for 
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The 3 ucdi-Lillie tMeftninmettts 
orciiTii/jed in fche war prcufuction 
fai;idri^ bavc been &iKiUy appre- 
datird by ihe workcR. Mr. 
Era^t Bevin, Lhen Nimister of 
Labour, ii ieen ndJresjjng the 
iuidienoc at m mumlions works. 



tanks. A poster oh %^elding electrodes cqi ibe 
oF stub^nds in typical fjnziories by 50 per 
cent. In hundreds oF worts where aert-'ice men 
spoke— giving farCts, not pep talks produc¬ 
tion rose. An economy campaign in a Factory 
using easily spilled components cut waste by 23 
per cent. These experiences were common. 

Wherever “works lelatioiis “ has been used 
intelliiently it has helped to build a “ happy 
to sustain and increase production, to 
reduce scrap, to cut absenteeism, to improve 
q,iiaiity of product. 

All this has, of course, been aided by the sharp 
focus of the war. Now when the urgency of the 
need for productiou ai any cost has gone, the 
job becomes more difficult. But in the months 
ahead a seme arpartner^p in industry will be 
no less necessary than during the war years. We 
shall stiU require to stimulaic the kiteresi of aJJ 
concerned in the business of production in order 
to achieve a maximum output under the new 
conditions. Many believe the war has shown the 
way to do it. 

Relations work of this kind has impinged on 
that of welfare— bad name for a good senke 
which post-war industry will certainly be required 
lo maintain-^iid has sometimes been a function 
of the personnel manager, sometimes of the 
publicity managert sometimes of the numaging 
director himself. It must never be described as, 
and never is, propaganda. It accepts the dehm- 
tion of Mr> Samuel Courtanld :— 

^ ^ . rhe worker ia the mpsi co-stJy, the most deliCdJeh 

ihe mos^ various nud variable machine which industty 
has to ernploy* and he is infinitely mote complcs 


imd less uuifann than any raw miteiiaL or any 
intficatc chemical compountL 
And hi those factories where it is practised 
sensibly it produces dividends for nipnageuiEnl 
and men alike in healthier undEfstandlog of 
muiual problems. 

It is a good sign that wt have reached the 
end of that period in w^hich hours of work and 
w^ages were practical ty the sole topics for dis¬ 
cussion between employers and employed. The 
factoiy' information service encourages the new 
trend through the efforts of individuals in par¬ 
ticular plants, dirough works relaiions groups 
which have been set up in various parts of the 
country for the fuller exchiinge of idetts and 
esperience, and through the works relaiions 
centres which during stage I of the war have been 
available to all firms engaged on war production. 
At these cxmlres the material available front the 
Ministries has been displayed along with practicaJ 
informution on how to make the best use of it— 
often in the form of examples from factories 
themselves. 

When he opened the London Centre Mr, 
Oliver Lyttelton summed up their war-time value 
and post-war promise in this way :— 

Production is a hunwi problem. If even an add 
thaiuand workers suETer from a sense of rruatration 
and altheugb that thousand may represent a very 
small pfireentage of the whole army of workefs 
engaged in produirtioo, the evil that is done ii out 
of idl proportion to its sias. It is with the object of 
stifling this pmpaBanda of fnistralian that thtt centre 
h[ii been rortusd.- The old slogan ** 'I'hcifs not to 
reason why, ThciR but to do and die ii as mat of 
date as the pcnny-farlhing bJcyck, It ia our duty 
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10 Lhal tbe pccpk of this country ^arc ^ well 
eJutated as Ihcj^ urt pairiatic: as far m possible 
The reasons far cvdiythJns stiould be explained ta 
them. 1 do noi think anyone who visits these «ntn:s 
can conic away without some new idea. It is new 
ideas which wlH help us to shorten the war, and it Is 
largely upon new' ideas ihat we inusi regain our place 
in the world of peace. 
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WELFARE WORK 

HE scope of ihe war effort of the United 
Nations demanded trennenddiiS industrial 
power. Tlie vital m&ccssity for maxiniunt 
production gave added urgency and jmpartance 
to man'power problems. 

The Minister of Labour and National Seivice 
fretiucntly emphasized the fntLliiy of speeding the 
evolution of labour supply policy at lire expense 
of understandiE 6, acceptance, and paTticipation 
of ftli parties in the esecution of the policy. 

The Essen liai Work Orderst which restricted 
drastically the employer's freedom to discharge 
a worker, or the worker's treedom to leave his 
employment, were one part of a national cHTort 
to bring income and conditions of work up to a 
certain standard : for when an undertaking was 
scheduled " under the Orders it was required 
to pay employees a guaianieed minimum weekly 
wage; while ie Minister had to be satisJied that 
there were adequate welfare arrangements and, 
v^^bere necessary, arrangements for Inaming- 
This appreciation of the State's obligation to 
those asked to take part in war industry was 
reflected in the 'reitins up of a Welfare Depart- 
merit in the Ministry of Labour to act with the 
Factory Department (previously under the Home 
Office). The Factory Acts represent one of the 
cartiest examples of national concern for workers' 
welfare, but they covered only conditions inside 
the factory. The new organization was concerned 
with conditions outside the place of work affect- 
a ng t he wcll-bei n g of the workers. T t dealt. in con- 
junction with the Ministries of Health. Transport, 
Works, Education, with such things as bus 
and railway services, recreation^ billeting, hos- 
tels. day nurseries, shopping facLIiiies, British 
RcsSaurants. 

Action 10 improve these condilions was not a 


lUKury which could not be altorded in war-time. 
It was an integral part of man-power policy. 

The Government, through the Factory 
Inspectorate and through ihc Supply I>cpari- 
ments (Ministries of Supply and Aircraft Pro¬ 
duction and the .AdmirallyL continuously 
einpba.sized the need for efficient personnel 
management in liiciories and for trained welfare 
supervisors. The Factory Inspectorate were 
given powers to order that doctors, nurses, and 
welfare workers shO'Uld be available. Because 
of the shortage of persons trained in welfare 
and personnel work, the Ministry' of Labour 
inaugurated a training course for labour manage¬ 
ment and welfare supervision, and 800 persons 
passed through this course. 

The Ministry’ of Supply itself, for the factories 
under its direct controL set up a Labour Depart¬ 
ment staffed by experts in personnel adminis¬ 
tration and labour managcmcnL, in size and scope 
far beyond anything that had been known, A 
significant fact, proved up to the halt by official 
and other forms of inquiry', was that absence 
from wwk (absenteeism) was markedly less in 
all industries and undertakings having competent 
personnel departments. 

little pubilcity has yet been given to the work 
of the Supply Departments and the Ministry of 
Labour iu esmblisMng hostels, sometimes accom¬ 
modating as many as LOGO persons in each, to 
overcome the inevitable problem of housing trans¬ 
ferred workers. Provided with a theatre, games 
rooms^ libraiy, reading and wriimg rooms, as well as 
canteens^ these hostels were centres of considerable 
social activity of a kind that will have an 
influence on post-war life Ln many towns and 
villages. 

The lack of " somewhere to go nights when, 
after the 1^40-41 rush, some leisure time was to 
be enjoyed has been an important welfare 
problem. It was particularly acute in remote 
ureas where hostels and builders’ camps were set 
upj and in towms where recreational fadhtLis 
were few and already overcrowded. It w^as 
nationally recognized that the existence of suitable 
and adequaterccreaiiona] fadlitieshelpsimmcasur- 
ably in the adjustment of workers to a new 
environment. The machinery of existing volun¬ 
tary organizations was used* but the Minis cry- of 
Labour also fostered the establishment of workers’ 
clubs run by ^p^ially created voluntary bodies 
in the places concerned. The capital Deeded to 
start these clubs was found by the Treasury, 
The TXhC. urged ah Jocal trade union clubs to 
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open siieir doors to tmnsferreti workers and to 
develop sipecial faciEllies for ihciit. 

In the liLTfie hostels the recrciition and enter- 
tsiiiment programmes were eSabomte^ mostly 
organized by the restdents Lhemsehes, with occa¬ 
sional visits from parties of professiona! artists 
under the auspices of E.N.S.A- and C^.M.A, 
Both these orgaiiizatiotis provided entertainment 
inside the factories also, white the laying on of 
wireless music during working hours received a 
considerable impetus when the iJ.B.C. included a 
daily and nightly programme of " Music ^Miilc 
You Work," and encouraged talent in the 
factories by broadcasting “ Works Wonders 
and similar lunch-iime eTitertaioment. 

An important power conferred upon the factory 
inspectorate was the authority to direct any 
munitions factory employing more than 250 
persons to maintain a suitable canteen. Very 
few orders wein necessary and canteens were to 
be found in over 10.000 factories, half of them, 
employing fewer than 230 people each. Civil 
engineering and building sites and docks accounted 
for ytX) more. In addition, industries and under¬ 
takings not covered by factory legislation^—rail* 
waySn omnibus services, offices—provided on a 
lar^e scale for this uccd. A combination of the 
Esintial Work Orders and the W'cllare Etepart- 
ment of ihc Ministry of Labour Cbacked notabJy 
by the Minisuy of War Transport in the case of 
road and railway services) resulted in a steady im- 
provemcni in condiiion.s in those industries and 
services outside the scope of the Factory Acts. 

Medical supervision and service in factories was 
extended greatly during tlte war years. As against 
33 fuU-tinie doctors employed before 193^* the 
number increased to 180^ with 750 doctors sufc> 
stantially employed part time as compared with 
onc-tenth of that number when war bcgaiu 
Special arrangeniEnits w^ere made by the Ministry 
of Health with the hospitals to give special care to 
iranslcrred workers, evxsn lo the provision of sick 
bay accommodation in cases of slight illness- 

The steps taken to case the burden of mothers 
who wished to give their help to the war effort 
were comprehensi\e : over 2,250 day nurseries^ 
nursery classes and nursery schools, the opemng 
of elementary infants^ schools to 100,000 children 
under five years of age- Dally guardians also 
helped to a useful but limited extent, as did play 
centres after school hours, fhe problem of shopi- 
ping was always difficult, and local settlemenL by 
coni mi ttecs of employ erSn trade ijjvion5+ and s^hop- 
keepers was eucou raged by the Ministries ol Food 


and Labour: Generally speaking, adequate time 
off ibr shopping w^as found to be the best way to 
deal with it, imd most employers nude suitable 
arrangements of this kind. British Restaunmus, of 
which mort than 2,000 were opened, helped to 
meet the needs of small factories as wcU as assist¬ 
ing married women to take up employment out¬ 
side their homes. 

The emplovTucnt of women was a special 
concern of the Ministry of Labour and a pam¬ 
phlet was issued early in 1941 giving guidance to 
employers and advising special arrangemems with- 
in The factory to meet the needs of women with 
domestic obl igatlons. Part-time employment was 
a logical development. 

The steps taken to remove the general wages 
problem from the field of controversy provided 
for the continuajloe of collective bargaining, but 
also ensured that agreed rates of wages should be 
effectively enforced, with the reference of un¬ 
settled claims to arbitration and the prohibition 
of strikes and lock-outs. The Conditions of 
Employment and National Arbitration Order was 
made. This prov ided for the reporliiig of a dispute 
to the Minisier of Labour, whose first step was to 
see that the existing machinery within the indus¬ 
try was used. A failure there meant that the trouble 
would go to the National .Ar bit ration Tribunal 
Any ogreement. decision, or award taken under the 
Order was binding upon the disputing parties. 

Substantial advances were made in the pro¬ 
vision for workers to have some say In the actual 
running of War induslry. In 1941 voluntary joint 
committees were established at coal mines and 
shipyards, and in 1942 agreements were made in 
the cngiacerLng Industry^ and for the Mimstry of 
Supply ordnance factories to encourage the crea¬ 
tion of joint pfodnctioti committees and similar 
consultative and advisory bodies. On these 
represeTitativcs of management and w^orkcis met 
to exchange views on methods of production and 
to cooperate in increasing efficiency'. The move¬ 
ment spread to many other indusuies. 

Man-power was mobilized because there was 
a will to cooperate, sustained by the knowledge 
that the Stale woiild see that 

The rate for the job was paid ■ 

Couditjoui of work giaiisfactory ; 

Decent living condiuons were provided: 

Feeding arranEemertts were adequate ; 

Transport to and from work was nS goyd aS 
pois^bte; 

Heiiiih was safeguaidcd ; 

Womea’s damestie obSigiUioAs were eased : 

Dependent children not neglected ; 

Fiovislon far leisure time was made^ 
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CRUISER TANKS 

In the B5S<?mljly dcpamneDt of a factory shpwmR British Cn^d^ 
tHiiks in course of constniciiOQ- The biiOdm^ of tanl^ Bntam 
W3S imdertaken in the main by the mil^^y locomotive builder? md 
Qiher firms normalty making heavy. machmeTy^ and lo a iHser 
extent by the motor moustiy. 
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EQUIPMENT AND 
STORES 

provision of equipment and stores 
I and medical supplies Is a varied and 
fascinating responsibility. This is the 
field of non-munition supply, less spectacular 
but no less necessary to the successfu] Avaging 
of war than the provision of weapons, ammuni¬ 
tion, ships, aircraft, vehicles, and all the other 
lethal essentials of attack and defence. The 
scope of equipment, stores, and medical supplies 
IS limitless, and the production is the job of a 
vast range of industries which in peace-time 
are the most numerom and important in our 
industrial economy. 

Textiles, cotton, wool, rayon, flax, hemp* jute, 
and silk; clothing and hosiery; every type of 
medal ribbon and badge i boots and shoes 
and leather goods ; cordage and camouBage; 
narrow fabrics and web equipment; kegs and 
drums; hand tools and cutlery : accommodation 
and barrack stores and field equipment; wood- 
ware of every type; pharmacenUcais, drugs, 
surgical instruments^ hospital stores, and X-ray ; 
hutting; fioating pontoons, emergency air strips, 
wood chips for surfacing airfielda, bomb shelters* 
waterproofing equipment for amphibious opera- 
tioas; persona] equipment of all kinds from a 
needle to a one-man tent; obsolete and 
surplus clothing and stores for reconditicning, 
adaptadOQ, or breaking down—the^ are a 
few of the tens cf thousands of separate items 


which are comprised in equipment, stores, and 
medical supplies. 

The majority of these stores are whal is known 
as common user"—that is, they, or many 
of them, are required in simiJar, but not always 
identical, patterns for ever>’ secdon of the fighting 
forces and official war organizations. It is* 
therefore^ proper and natural that to a very large 
extent the planning of their productian and the 
lespoQsibtiity for their procurement became 
increasingly focused in one department as labour 
and materials became scarcer and the advantages 
of coordinat€Ml planning, which would eliminate 
competition and prevent waste, were revealed 
and recognized. 

it followed naturally that the department 
responsible for this production, the Directorate 
General of Equipment and Stores of the Ministry 
of Supply* detulopcd and expanded continuously 
and logicaJly until it ev^entiially took charge of 
this type of production not jii-st for the Army 
but also for the Royal Air Force, Civil Defence 
Semces, Land Army, Ordnance factories, and 
indeed for every recognized official war senice, 
except in a larip: number of items, frequently 
of a specialized character, for the Admiralty* 

In war production of this kind* which at every 
stage affects the amount of non-food consumption 
goods available for the cmlian population, 
there has had to be close and continuous colla¬ 
boration between the Ministry of Supply and 
[he Board of Trade. In certain classes of stones— 
e.g., medical supplies—and in those items for 
which service and Government requirements 
were thd major user— e.gr, hand tools* kegs 
and drums, and narrow fabrics—mutual airange- 
mentsi were made between the civil departments 
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concerned and The MinisTry of Supply which 
placed upon the Supply Ministry^ the additional 
responsibility, in its pJannin^ of produetion and 
allocaLiOTis of materials, tor ensurinal un adequacy 
of essentia] suppEies for the cis'ihai! population. 

To ensure the best use of Tnanufacturing 
capacity, labour and materials. tIHs branch of 
the Ministry of Supply ahio undertook cenaiu 
allocation duties, as dLstinct from production 
functions, as* for example, in the Directorate of 
Woodworking, [n this way it was possible lo 
secure that the steady flow of muEufarious 
demands on woodworking capacity should be 
placed Jn such a manner as t5 spread the load 
equitably over the industry in Conformity with 
national considerations and thus ensure the 
quickest possible execution of urgent contracts, 
many of which were ancilEary aud were not, 
therefore, susceptible of forw^ard planning. 

The Directorate-General of Equipment and 
Stores is made up of 10 production directorates 
located either in London or in the most conveni¬ 
ent provincial centres of the manufacturing in¬ 
dustries concerned. Two other directorates— 
one for Provision and Coordinaiion^ providing 
a constant link and Liaison between ihc user 
service or department and the production bninch 
or oversea procurement agency, and one For Pro¬ 
gress and Inspection—give common service to the 
department. The Chief Inspectors of Stores and 
Clothing and the Chief Progress Officer and their 
staffs come under die latici: directorate, and the 
LTiief Inspector of Medical Stores under the 
Diiecioiate of Medical Supplies. There is, there¬ 
fore. continuous and close contact Ise tween the 
C“hieF Inspoctor, who designs ihe item in collabora¬ 
tion with the user and planner and provides the 
specLficatlon : the Production Director, who plans 
the production and allocates the materials and 
components, and die Progitss branch, which 
maintarns touch wath the conimctor from the 
moment the order is placed by Contracts Depart¬ 
ment until the goods are delivered to the user. 

The fir^t DErector-Gcncml of Equipment and 
Stores was Lord Wool ion* He was succeeded In 
1940 by Lord f’atto, who was followed by ihclaLc 
Str William Wilson. The present l>lrector-General, 
Sir Cecil W^eir^ was appointed in May, 1942. 

The monthly reports of ihc various production 
directorates in this brand] read like veritable 
industrial romances wath iheir accounts of the 
placing of contracts for individual items by the 
million and tens of millions, cloih by scores of 
millions of yards, cartons by the hundred 
millioii, and all kinds of commoffitics and pro¬ 


ducts m quamilies and numbers unheard of in 
ordinary' commercial life. Over 30,000,000 batllo 
dress, about ?0,tN,5O,00lJ blankets, nearly 
£00,000.000 pairs of standard ami> socks, over 
25.000^000 towels nearly 40,000,000 pairs of ankle 
boots since 1939; enougli bandages in a single 
year to encircle the world four times; l»,OQO,CN>0 
packing cases in 12 monlhs ■ 8^500,000 gallons 
□f paint and 250,000,000 boxes of malchcs in ihc 
same periivd: several hundred tliousand ambu¬ 
lance slrelchcrri ; 9^000,000 sets of web etjuip- 
ment for all services—here are a few ilcnis selected 
at random lo give a measure of war production 
carried out in the United Kingdcnn alone. This 
takes no account of large supplementary supplies 
of certain itenrs prosided from the United Slates 
of America, the DominLons and colonies, and 
other ovensea sources. 

The functions of the Clothing and Textiles 
DirecE orate of this department do not stop at the 
provision of uniforms and service giuitients. 
They lake thimi also into the field of normal civi¬ 
lian manufacture—and have caused them also 
lo enlist the much valued cooperation of the 
voluntaiy^ women's organizations—for the pro- 
duclion and procurcnmiE of many nuilions of 
gaimcnts and a great deal of cloth and com¬ 
ponents for the relief, under War Office direct ion 
or LJnrra arrangements, of the urgent necessities 
of the libcniled countries of Europe and the Far 
East. They have placed upon them, too* the 
considerable and complex responsibility for ihc 
production of ihe civilian ouilhs for demobliized 
sailors^ soldiers, and airmen* not only for plan¬ 
ning the entire production of and materials for 
this highnclass range of suits, raincoats, shirts, 
collars* ties, hats* and, in tollabomtion with the 
Controllers of Footwear and Hosiery, shoes and 
socks, but also for a.ssisting the Service Depart¬ 
ments in organiziiig their issue arrangements. 

Bui clolhing and textiles as a production func- 
tEon goes far beyond the provision of clot h 
wide and variEd as that responsibility is. It in¬ 
cludes also such items as bedding, towels, biui- 
irtenizcd textile airlkEd tracks, tents and tar- 
pauhns* and a host of technical and operatioiml 
stores* both main and anci][aly^ W'hich are actually 
inside the dinect munition held. It covers the pro- 
duclion of steel hetmets^ of which over 20^000+000 
have been made for the services and ci^-ifians, 
needles, body armour, and other mainly melal 
items which are associated %vith this side of equip¬ 
ment either for use in its production or as a com¬ 
ponent of the store itself. 

It may be asked whai is meant by produc- 
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tipn " when applied lo this snpply department ? 
It docs not. of course, e>5cepi in a limited number 
of i:d5cs^ zneun Lhe: actual manufaciLLre in a 
Govemment-owned factory by Govemment 
servants of the store in question. It nfTcan.s, 
to take clothing as an ihustraiion, determining 
the specification* quality or texture of every 
iieni comprised in the finished garment, ordering 
the clolJi, the buttons, the linings, the thread, 
and the other components and issuing the appro¬ 
priate amounts of each to the maker-up, who 
in bis turn must manufacture lo an approved 
specification. At each suitable stage inspection 
by trained viewers takes place, and throughout 
the period of prixlucaion progress officers are 
available to assist the conlmctor to clear bottle- 
rweks of transport, material, or labour, and to 
see to the expediting of urgently needed Items 
which may either be coming along too slowly 
or ivhich have to be hastened to meet a sudden 
or advanced operational requirement. 

The production department is a supplier and 
a planner who uses industry as producer and 
frequently as adviser. 

T^e flexibility of the consumplion-gocKis and 
tight engineering industries has been amply 


EQUIPMENT A?4D STORES 

demonstrated in the war. Despite concentration 
and contraction of capacity in terms of space 
and labour, the workers, many of them either 
much over or much under average vvorkini age^ 
have on the whole given a good rate of output 
per operative and manuracturers have proved 
adaptable in the difficult management problems 
of turning over from one type of production to 
another. The low Labour priorities which these 
Industries, generally speaking, have had have 
increased their problems, but they have been 
helped in getting production by the ready pro¬ 
vision of materials from the Departments 
allocalLons^ by long and regular production runs 
on the same or similar tienis and by the co- 
ordbation of patterns which has been greatly 
developed in order to simplify manufacture 
and to ccoaomi^e in labour, materials, and 
production time without afTiscting serviceability, 

A branch of production with so wide a range 
as cquipmeUL and stores has, of course, had its 
highlights, and some of these arc of considerable 
pubhe as well as Serv™ interest. A war speeds 
up development and siiniulales research, and a 
production department must keep in dose touch 
with the scientists and research chemists. 
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Mijnuracturing Jerricims at a British faaory. This steel four-Enllon petrol tonuiincr proved of great utility during uiilitary 
movements. Over JO milliciTi Jcrricims hiid been delivered by the early months of 1^5- 
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Ofl tbe mediKil side outstanding de%ffSopin£:ms 
are penicillin and mepacrinc. The iir^t has 
saved thousands of lives and expediled the return 
to health and fitness of very large numbers of 
wounded and sick ki the forces, Tlie second has 
overcome the calamity which otherwise ihe loss 
of most of our quinine supplies would have 
entailed, and probably has opened the door 
to a wider attack, in the post-vvar era, on the 
evils of maJariiL The development of both can 
be attributed in the first place to the action of 
the department, siimijlatcd by war urgencies, 
and to the eoopcmttve enterprise and team, spirit 
displayed by the mantifacturers and laboratory 
workers concerned. 

Several thousand inillion tablets of mepacrinc 
have been supplied since its manuracture be^n 
in 1942 after the faJl of Java; from the United 
Kingdom alone mom mcpaerine for the treat- 
nrent of malaria is being produced each year 
than the annual work output of quinine before 
the war. In the case of penicillin, joint .^ertcan 
and British efforts have resulted in all Service 
repniremciils being fully met and in this w'onder- 
ful drug becoming avTiilable to civLltans in every 
ncccssaiy case within what, in other circum¬ 
stances. would have been an incredibly short 
space of time. 

But WT? must pass on From this fascinating 
branch of supply to the field of genera] stores 
and similar ^oups of Service supplies- Among 
the mrtal containers an outstanding item is 
the JerriciLn, It is not too much to say that 
without this remarkable strong steel returnable 
four-gill Ion petrol conintiver The rapid military 
advances across the Desert and the Contineni 
could not hav^ been made. The late President 
Roosevelt^ in expressing appreciaiiod of the 
supphes n:iade available to the American Army 
under rtvcRe Lend-Lease, put it even higher 
than that. This can came In to production only 
in the autumn of 1942, yet by magnificent team¬ 
work on the part of the manufacturers over 
4€,000,000 Jerricans, conmining some 25O,00C} 
tons of special steel, and employing many 
thousands of specially trained, mainly female, 
workers, had been delivered to the Army, Navy, 
and AJr Force and to our American allies by the 
earty months of 1945, and every demand had 
been nwt on rime. 

Over a million Morrison shelters, enormous 
numbers of Nissen huts—over 100,€00 of tfic 
standard living hut and o%er 40,000,000 sq, ft, 
of the larger sizes in one year aEone—deceptive 
devices by the thousands, untold fathoms of 


glider towing ropes and parachute cords, tools 
for every- conceivable type of weapon* vehicle, 
gun and aircraft, boots for snow and footwear 
for the tropics, compo ration packs and watcr- 
boitles* water sterilizers and disiTtfcctanis, skis 
and Arctic outfit, and so on and so on- The 
number of separate ilems is very large, and in 
each of them the requirements must necessarily 
be Sufficient to cover first issue and mamtcnance 
for all the users. Adding to the numbers enlisted 
in the general fighting forces those of the Home 
Guard and Civil Defence services and other 
Govcmmcni organizations, and calcruEating the 
requiremeni over the war period, the extent 
of industry's contribution in non-mijnEtion war 
production can be assessed. 

For the present this production continiH^. 
Non-munitton requirements go on after fighting 
ceases and until demobilization and the using 
up of stocks diminishes current demands- For 
the Far East war new equipments were 
devised and are s^till being produced. They are 
designed to [ncreuse comfort^ safeguard healthy 
and reduce, as far as possible, the ri.sks to 
the troops using them- lighlftcsi, coolness, 
resistance to tropical pesti, rot^ and rust— 
these are some of the major requirements of 
these new types of clothing and equipment. 
.Again ingenuilyv cAperience^ add technical and 
scientific knowledge have been called into play^ 
and again they have responded- The jungle berat 
is a technical triumph, and there are many others. 

Finally there is the rcvcnic of new production p 
which also comes within this departmeni—the 
disposal of surplus and used materials, clothing, 
and stores. For several years back, since salvage 
arisings and the throwing up of obsoIcEe stores 
starred, nothing has been allowed cither to go 
to waste or lo be sold other than through con¬ 
trolled channels. MUlEuns of baUEediess, for 
eKampI-e, haive been repaired, cicanedp dyed, 
and issued dther back to the Services from which 
they emanated or to the civilian market for 
agricultural workers or to clothe enemy prisoivers 
of war. What was unusable ia this way has gone 
back to raw material to be rewoven. Eourmous 
numbers of boots, do longer wearable in the fields 
have been rebuilt, repaired, or reconditioned 
cilher for the ServiceSp for relief irt Europe, or 
for prisoners of war, -And so through the whole 
range of returned stores the system of re-use 
has operated to the maximum. The ultimate 
disposal of war surpluses in collaboration with 
industry has already been the object of a White 
Paper and need not, therefore, be elaborated here. 
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SHOT AND SHFLL IN 
THE making 

T he Qld experieiitia dtNrtt^ docs not 

always prove to be true, but fortunately 
in Lbe ease of auimutiJtioOj, production 
benefited by past experience and made provision 
for the supply of adequate rounds^ so that this 
time there wm no shell scandal, [n fact, pro¬ 
duction was in excess of that found to be necessary, 
but to nteet the changes that were cncotinicncd 
on the ficJd of battle, new ty pes of ammunition 
had to be evolved from time to time, and this 
frequently necessitated drastic alterations in 
methods of raanufacture. 

The production of shell is often regarded by 
the uninitiated ^ a vtiry simpk engineerine pro¬ 
position EH that the dimensional limits allowed 
are on the generous side* but it is possible to 
comply Witlv all such requirements and yet be 
faced with rejection because the article is above 
or below the stipulated w’cight. Again, the 
ordinary cngineccing machine tools are not 
suited to mass production of atnmunitlon, and 
special single-purpose machines had to be 
evolved and produced in quantity sufficient to 
meet the anticipated rcqylreniefits of total war, 
Formnatcly this was appreciated iii| pre-war 


days, and seme machines were built and tested 
before war was forced on the country. 

The question of aclual requirements was not 
easy to determide* being largely dependent upon 
experience in the held. While It w-as the con¬ 
sidered Opinion that trEnch waifare was a thing 
of the past^ and accordingly the necessity for 
artillery^ barrage was rather remotG, it was yet 
realized that it was essential to be prepared for 
any contingoney that might arise. 

Probably no belter exanipte of the problems 
coniuBcted with ammufiitiOD could be cited than 
that of anti-tank shell and shot* which have had 
to be modified to suit the increase in protective 
armour adopted by the enemyi The pre-war 
requirement was (tmited to the 2-pdr, shell, which 
in turn gave place to shot, for which Treasury 
sanction for an output of 1 ,076,000 was approved, 
and at that time this shot was considered superior 
to the German 3.7™. shell. To be used effectively 
the weapon needed a degree of cover which tlie 
desert could not afford, and accordingly there 
was an outcry that Brirish gimi were no match 
for the 5.0CTU, used by the Oermans. This* how¬ 
ever, was met by the 6-pdr.* the use of w hich con- 
tiibuted materially to the successful campaign in 
North Africa. In time this was countered by 
The T.acm. and 8,Scm. weapons Introduced by 
the Germans, but with our L7-pdr. and high 
velocity shot the situation turned in our favour, 
and the H-pdr, Sabot proved superior to the best 
of the enemy's ammunitiao. The penetmtive 
effect and range of shot was maicrially improved 
by capping the shot and superimposing a ballistic 
cap- 


A pbutogriipb taken fn a shell 
facLoiy m ihe Sauih of England 
showing men of the night shift al 
iiT>rk- Thii factory w-aa erne of 
many vi$iicd by the King during 
the war. 
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WuTTw:n operatives 
LUirning add 
ing 25 * pounder 
shell eases. "fhclS- 

pounilcr gun 
iriifd out wild great 
success in Gret^cc 
aniii was later ern- 
plnycd od a vast 
scale in the Worth 
Aiiican campaign. 


While it is easy to necord the rapiti develop- 
ment from one form of aimnimition to anotherp 
production difficulties were encountered which at 
times seemed almost insuperable. Before the 
war the manufaciiirc of armour'picrcinff ammuni¬ 
tion was restricted to one or two armament firms 
and it was no easy matter to introduce into a 
number of orditiary engJneering works the 
necessary technique for the machining of the 
special alloy steels used and the heat treatment 
nccessai^ to secure the desired penetratiod and 
fragmentationx Fortunately, the steel adopted 
was very simdar to that used for lhall races, so 
that the method of heaE treatment was not entirely 
□ew. 

Perhaps the ammunition of most interest to 
the British public was that used for and-aircraft 
purposes. The 3ln. 20cwt. hieh-e?(p]osivtf ^hell 
had been evolved as the result of the experience 
gained during the 1914-13 wnr^ and when war 
broke out in 1939 this was being produced in 
considerable quantities, but it was realized that 
it was not capable of reaching planes Dying at 
the height which was likely to become opera¬ 
tional, with the result that the 3.7in, weapon was 
evolved. The period between Munich and 
September, I939„ was used to increase produc¬ 
tion of this 3^7iiL ammunition and contempo¬ 
raneously the heavier 4.5m. .shetl was turned out, 
but ibis never really found favour^ and the 1.7in. 
wa^ the ammunition that contributed most lo the 
success of the gunners during the extensive 
attacks on l.ondon in 1941. 

After the successful defeat of the mass attoicks 
on London, the enemy resorted to low flight tip- 
eu 


and-mn raiding, which in turn was countered 
by the 40mm. shell. This was so effective that 
the attacks became too expensive for the enemy 
lo eontinuc!. Even at the peak period of expendi¬ 
ture it wus found possible to meet oil require- 
menis. Development of the rocket and \xs place 
in anii-aircrafi work is dealt with in anodier 
article. 

Let us return to field ammtmition. Before 
1939 a considerable amount of work had been 
undenakeu in plamung the change-over of 
iudusuiol plants to moss production of the huge 
quantities of artillery ammunition estimated 
to be required in an emergency. Plant had been 
designed and ordered and was in many cases 
in the course of installation. This covered the 
range from, light 40min. Bofbrs A,A. ammunition 
and two-pdr. AT. lo 25-pclr. and on to 9.2ia. 
Fortunately in Ehc 2.5-pdf. wc had a weapon 
which proved to be remarkably efficientr It can 
be said to have finally passed Its trials in Greece 
wiih first-class honours. Later it was built in 
devastating numbers for the greatest barrage 
known in history'. Perhaps the finest joint 
production of the gun mojter and the ammunition 
maker was the 5,5inr howitzer, which fires on 
SDIb. sbeU with long and accurate range, and 
this proved a godsend to the infantryitian. 

At the beginning of 1943 Lhc supply position 
wnas such that production of 25-pdr. ommunjcion 
and several other sizes was practically stopped 
to release labour for other urgent preparauons 
for D Day. 

With the successful landing in the summer of 
1944 the demand for ammunition again increased^ 
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plants were brought back into production and 
by the end oi" the year were ui^in working u.i their 
J941 level. By March, 1945, they were aimost 
b^ck at their peak again, ensuring that the 
amty in the field never luckod full weight behind 
them. 

With VH Day the demands again dcereascd. 
buL Siock:!» had to be nu.Lntajned and the spcciaJ 
requirements for war in the Par tast increased in 
importance. 

In Line with the hea^^ demajids for shell 
it was also necessary to provide special types of 
amniunltion lor the infantry^ and apart from the 
numbers and vahely involved the problem was 
complicated by the necessity of utilizing a some¬ 
what ditTerenl industrial sphere. The infantry¬ 
man's friend of the last war. ihe Mills bomb, 
still had a function to fill, but changed con- 
d]lions necessitated our forw^ard troops being 
provided widi an untidoic to something more 
deadiy than, infantry charges, and hand weapons, 
including onti-peTsonnel and amJ-Lank grenades 
and demolition charges, invpUing manufaerture 
in iron, steel, plastic, and glass, were introduced- 

The consolidation of graund won in the war 
required the provision of mines of many types, 
while the infantryman’s own gun, the trench 
mortar, was developed in a variety of t^'pes. 

In the production of these stores the smalt 
factory' came into its own and. by the judicious 
placing of the wprk^ garages, printers, papcr- 
mukers, and a host of other trades, were soon 
capable of meeting the demands. Perhaps in 
this w^ork more than any other the adaptability 
of British industry was used lo the fuil^ paiticU' 
lurly as recognized standard materiaEs became 
scarce. Steel forgings had to give way to easi- 
iron ; aluminiuni—needed for aircraft—had lo 
give place to zinc, tube to fabrication, brass to 
steel: but despite all these changes the rounds 
did not suffer^ indeed their range and lethal 
etfecLs were gcncrdlly improved and production 
times reduced. 

dealing with a production rateTof 
1,000.000 a month, it wiiJ be appreciated that a 
change of process which saved 10 per cent of 
the cost and a siiniiar percentage of production 
timcT ^uch as was introduced at one point, 
was of the greatest value. 

One o±er side should be mentioned : that of 
■* insurance ammunition; produchon. It was 
stated by the Government that any use of 
gas or chemical warfare by the enemy would be 


countered tenfold, and this had to have founda¬ 
tion in fact. While fortunately neither was 
utilized, the tools " necessary were delivered. 

At the peak period upw-ards of 3,50D lirms 
were engaged id ammuditlon production, these 
being spread strategically over the country. 
In order to equip them capital assistadoe was 
given to &rms to dbtaLd the necessary plants 
to the value of some £40tCPOOi{)00. Women 
were largely employed on the work, and the 
help given by the trade unions was material. 

The sbt-year siory has been one of growih, 
change, deereaset and growth again made possible 
only by the willing and enthusiastic cooperation 
of all concerned both in the hrms and in the 
Government production departments. This 
fact carried with it a lesson as to the importance 
of ensuring that the means of production are 
maintairLed and are sufficiently flexible to be 
able to expand and adapt to meet the changing 
demands of a major war. 

The numbers of shells, 4&Cr, filled during the 


period from 1940 Lo June, 
follows :— 

1943, were : 

A. .A shell 

31,900,000 

Tunli iuid . 

.. 49,500.000 

Field medium 

.. 68,500,000 

Marliir bcuitb 

.. S9,«00,000 

Cretiaiies, minesv Slu. 

.. 100.700,000 


360,400,000 


AiomiiiiitiQn for Small .Arms 

A review of the ammunition position by the 
Chiefs of Staffs Committee in the early days 
of the war disclosed a dangerous shortage of 
small arms ammunition^ threatening both the 
build-up of an adequate field force on the 
Conti ncnt+ as well as the development of the 
ofFensive and defen.sive pow'er of the Royal Air 
Force. 

At this revnew^ potenUal capacity was rated at 
60 million rounds a month, of which only five 
millions a month had been in regular com¬ 
mission for some years before 1939. The Chiefs 
of Stafis Committee esEimaied full war expendi- 
imx of S.A.A. at about 5CM3 million rounds a 
month, including 120 millions for tlte R.A.F,^ 
but whereas the initial requirements of the Army 
and Navy were almost wholly for ball ammufii- 
tion of .303in. and 7.92mm. calibres, the R.A.F. 
demanded quantities of special types of .303iii, 
(armour-piercing, incendiary and ranging tracers). 
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which grew to predominant proportions as the 
strategy and iaoiic^ of the Air Arm developed. 

The introduclion^ for esaniple. of the iielf- 
^aling petrol tank reqnincd the use of new t^-pes 
of incendiiLiy^ buUelsi for attack of enemy aircraft. 

By this time, too, the ^OmfiV Hiirpaiio Suiza 
cannon was becoming of increasing ijmportiina? 
JR the armiimcnt of aircraft, and the sahsfaaion 
of demands for the large variety of types which 
were developed for this calibre presented a very 
formidabk produaion problem, the productive 
cii'oft expended on some of these types being as 
mneh as 35 times that needed to produce a round 
of ,303m. ball. 

A further complkation arose from thi; decisEon 
to chamber the Sten guii for ymm. ammuniiion. 
a condncntii] calibre, so dial captured enemy 
dumps could be utilized by our advancing forces. 
DifiiculTfes were encountered owing to our lack 


of eJcperience in the production of this antmuni- 
tion* and some considerable time elapsed before 
these were overcome. 

The packing of S,A-A. added a complication 
not present in the production of all warlike stores. 
To cover the use of S.A.A. in various fields of 
operatiem, packing in suitable quantities and in 
suitable containers had to he evolved. A packing 
suitable for ammunition eu be used in a lighter 
aircraft might be entirety unsuitable for the same 
ammuiiition destined for use by an inraTitryman 
or in a tank or, again^ on the high seas, Further¬ 
more^ the global characier of the war. covering 
a very wide range of climatic condiiions. called 
far special waterproofing of the ammunition and 
the hermetic sealing of the packages in which It 
was transported and stored. 

The problem of raw materials was also, at 
ainjost all times, acute. Technical considcmiJons 



Shells stacked in a filled shell slnre of a Mmkiry of Supply filling factaty, rur fitting wiih (urn. From tSMO to 

June, pier 3S0 million ihclLs, greoades, and niines were 111 led m Great Boiain. 
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tantL, whichf with 
ihe Sherman^ 

composcct I h e 
miiin cF 

our iirniouT^d 
divisiofu. 



Involved constam modificatipn of deigns, and 
towards ihe middle of the war a Lfircatencd 
shortage of copper enLaUcd the development of an 
entiiely new iechniqne for using steel with a 10 
per ecu L eoatioi of gdlding rtielal, instead of pure 
mipro-nickel or gilding metaJ for the production 
ofhulJet envelopes^ 

An against four factories before the weu* thcnc 
were ultimately 20 Jaetorics engaged on prtHiuE:- 
tioo of components or their ftlling and assembly 
inio complete rounds. Additionally, recourse was 
had to a large number of trade dims for produc¬ 
tion of dOmiTL Components and armonT'-pierciriig 
stjci:l eons. As to the equipment and tnanning of 
these establishments, it was found that, ow'ing to 
ihe lack of orders in peace-time, there was a 
grave deficiency of makers of S.A.A. plant, pro¬ 
cess TOolSp and gauge:!;. The extent of the per¬ 
sonnel problem may be ganged from the fact that 
at the peak of production there were well over 
100.00D operatives employed in S>A.A. factories 
30,000 males and 70^000 female. 

Betw^n September, 1933, and VE Day the toiaJ 
of S.A.A. supplied horn United Kin;^oai tne- 
turics was about 12,000 million rounds^ of ail 
calibres up to and including 2Llmni, Production 
for Empire accouiit in the Dominions and India 
to the end of 1944 omoiinted to another 7,750 
mil Non rounda, mainly .303 in. and 9mm. In 
addition, about 7,500 million rounds were 
obtained from the United States^ mostly .301 n. 
and .50iii-, production of these American calibres 
being left almost wholly to the United States. 

By the date of the German collapse, a total of 
approximately 30,000 million rounds of S.A.A. 
had been made available for the proi^ution of 
the war by the forces of the British Common- 
wealth, allied contingents fighting alongside 
them, and patriot forces in countries ovcmin by^ 
the enemy i 
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CHANGING TANK 
DESIGN 

W HEN the Battle of France be^ m 
E940 GErmany was able to deploy a 
team of four tanks suited to the needs 
of tlK Those tanks hod been designed 

and built for that purpose during the preceding 
six years. As the war in Europe drew lo its close, 
Bn' iFifrt N team of tanks wus just beginning to be 
deployedr Thus was driven hnme—if it needed 
to be—the lesson that it Lakes years to design 
and budd a tank for whatever role it may be 
Eiitended, 

The German team consisted of the Panzers 
Marks I, II, 111, and I\\ The first two were 
cons idered to be light tanks, the third was a cruiser^ 
and the fourth, although considered a hea%y tank, 
was in reality only a heavy cruiser. Later, when 
the had spent itself, the German 

designers turned lo defensive tanks and pro¬ 
duced the monstrous Tiger and Royal Tiger. 

At the outbreak of war the British Array 
bad one light lonk, the Mark Vl^ with an armour 
basis of hEiir an inch, on armament of two 
machine-guns (J03iii. calibre), and a cross¬ 
country speed oF about 35 miles an hour; several 
cniLser tanks with Ihin armour and the iwo- 
pounder gun^ and the Mark 1 Matilda, w4th on 
armour basis of 2hi.^ one machine-gun. and a 
speed of SIX miles on hour. 
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Tlie M[itildii Mttrk U, whida tame into servkc 
in 1940, wii 5 probubly ibc most pawcrful tank 
in the world at that time. It bad an aimoLii 
basis of 6Qiiirn.^ with frontaJ amtour of 
was armed w'itb a two-pounder gun i4t>rnm.) and 
a Besa machiiirC-giinT and had a cross-country 
speed of about 11 miles an hour. It weighed 
about 28 tons. Matitda was more than a match 
for a.11 the German tanks then tn service, canynni 
mom amfiotu and a better armour-pieremg j^im. 
Then in development was the VaJentine, a crukser 
tank with an armour basis or2in,T a two-pounder 
eim and a machine-gun^ and a cross-country 
speed of about J 3 miles an hour. 

All the tanks which we had in France at the 
time of Dunkirk were lost. Wc had left in 
Britain about 50 of all types. Perhaps the worst 
reatuiT of the loss was the fact that the enemy 
had in his possess ion both of our newest types 
and could study them at lelstire. He learned his 
Eesson.s quickly, for ihe German Mark IV was 
soon iJtled with a long 75mm. ^un. At the out¬ 
break of war the heaviest German armour- 
piercing tank gun was the which was 

increased after the battle of France to the 50mni. 
In these dreunistarvces it was decided to go into 
production with ihe Churdiiil, which, at that 
time, ex.isted only on the drawing-board. It was 
deigned as an infantry tank for ihe purpose of 
cracking a foTlified line. That the tank had to 
overcome many troubles is common knowledge, 
but the astonishing fact is that it eventually 
proved to be our best all-purpose tank with no 
fundamental aiUeratiori of design. 

The Cliurchill was originaily designed with 
frontal armour of 4m. and side armour of 3In,, 
wNlh a turret of 3 in. thickness. To begin with* il 
iSJTied a two-pounder gun and a 5 in. how^itzer 
and two machine-guns. At first it had a speed of 
nine miles an hour. It was mechanically un¬ 
reliable, and it was urged in its favaijr that if It 
broke down it could be used as a strong-point 
because of its very thick hide. 

The Churchill now has much thicker aimour— 
its frontal plate is the thickest of any tank yet 
in serv ice anywhere in the world—il carries eiiher 
a rix'pounder {5t3mmj or 75iTim. gun. and in the 
Crocodile fliimc-ihrowmg versinii carries a Home 
gun as well It is also fitted with a I2tn. mortar 
(A.VJt.E. assault tankk or can he fitted with three 
difTereni i>i)es of bridging gcan In the ordinary^ 


tank fonn it now has a speed across country 
of 13 mites an hour, and ha.*; acquired a splendid 
reputation for reliahility. It is an immcrLscly 
strong tiijik+ os one story showi: a Chuidijll 
was left standing on a slight slope and for some 
reawn its brake failed. Die tank ran down the 
slope and into a gravel pit 4fifL deep. When 
the crew recovered it they drove it away un¬ 
damaged. 

The first tank to achieve real rehablLity was the 
Valentinc- It was on unspectacular vehicle 
which performed consistently well, particularly 
in the W'estem Desert. It was there that tanks 
of that type set up the astonishing record of 
nmning over 3,000 miles cm their tracks without 
break dawn of any kind. The German tanks in 
the same theatre were expected to do no more 
than 500 miles between major overhauL^, and 
frequently did much less. Captured German 
reports showed that their tanks were suEcring 
from every conceivable sort of trouble from 
suspertsions to turrets. It says much for their 
repair Organization that they srere able to keep 
so many of ihclr tanks running- 

It was quite obvious from the beginning of the 
war that we should soohet or later have to fight 
an DRbnsive war—it was, in fact, the condiiion 
of our survival. But the tank requiremencs were 
changed with the shifting scene of war ^ from 
heavy infantry tank.s to smash the Siegfried linc^ 
to cruiser tanks lor the desort; and back again 
to rnfaniry' tanks. In the cruiser tanks speed was 
required, and if at first it W’Sis achieved at the 
expense of amour and gun power, it was later 
allied to those qualities. The Crusader was 
cenamly a fast cruiser Lank, but its armour w^as 
thin and it carried at first only Ihe two-pounder^ 
later being liTted with the si x-pounder. M echan ic- 
ally, too, it was not remarkable for rcUabiJity. 
How’ever, it paved the way for the CromwelJ^ 
Centaur, and others, Sherman (carrying either 
75mm. or the British 17-pounder gtin) and 
CromwclJ composed the main strength of our 
armoured divisions. 

Both the Cromwell and Centaur have 3m, of 
frontal armour and liin. on the sides. The 
Cromwell is fitted with the six-pounder gun or the 
75mm., and the Centaur with the 95mnn. howitzer, 
a w-eapon which proved invaluabie in the assault 
on D Day. Both tanks can cross country at 
about 30 miles an hour with an ample reserve of 
power. The Challenger, which is simply a 
lengthened Cromwell fitted with a Larger luiret 
carries the 17-pounder gun. The Challenger 
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and the 17-pouiidcr Sbcmmi providjcd ihc Jicu^y 
gun-power needed by our invading forces to 
coin bat the German Tigers and Royal Tigers, 
That they were able to do ihk was partly becausf 
of the special " Sabot animunition which they 
could use. 

Following on the Cromw^elE came the Cornet, 
another cruiser tank, more heavily armoured 
and carrying a heavier gun in the '^mm. This 
gtin was a new' departure^ being a “* hotted-up 
75mm. ftrioi the saniie shot as the iT-pounder. 
Ln addition it is iiticd with new gun-ky ing devices, 
which give greally improved lire control. A 
further improvement is in the cupoLi. which is 
provided with immediate al3-roimd vision with¬ 
out the necessity of swinging the periscope 
round. 

Whatever type of tank he .is aiming ai the 
designer must always endeavour to make the best 
compromise betw^een weight of armour, gun 
pcw'cr.^ and sf>ecd in a vehicle which is limited 
in size by such factors as the load which miliiary 
bridges can carry (rememhering that the tank 
frequently has 10 cross Elie bridge while carried 
on its transporter vehicle), and the wtdlh and the 
loading gauge of Brittsh railsvay track. An 
additional com plication \s the paramount neces¬ 
sity for the tank to ** float over heavy ground. 
This means w^idth of track. A further handicap 
was imposed on British designers by scarcity of 
suitable engines, either i>ctrol or diesel In peace¬ 
time British motor engineers produced only one 
or two engines of more than LUO horse-power, 
and so, until the Merlin aero engine was con¬ 
vened to tank use, there was only the Betirord 
engine, of 350 bOFK-power, and the Libeny, of 
4U0 horse-power. The Merlin wras thought to be 
unsuitable for tlte very heavy stresses of lank 
propulsion by reason of its delicti te design 


and specialized nature, but it has proved to he 
an extraordirrarily tough and reliable unit in 
action. It is this powerful ujili that has uuide 
possible the Cromwell, the Centaur, the Contet, 
the CTbalIcnger, and the Centurion. 

Nothing has yet been released! about I he 
Centurion except its name and iu number, A,43 , 
but ti may be supposed that it is unoibrr step 


forward in design or it would have been 
unnecessary to produce it. 

It remains to describe ihc special purpose 
tanks, of which ihcrre aLie quite a number. They 
consist of the various A-V.R.F, (Armoured 
Vehicle, Royal Engineers I Churchilla, already 
referred to briefly* and one or two other types. 

Taking off in ihe order in which they came 
into battle* hrst came the Hail tanks for clearing 
mLneficlds. The most recent of these is the 
Sherman Crab, There are other mine-destroying 
devices^ but they have not yet been taken off 
the Secret LisL It has been a cardimiJ principle 
of llj'itish tank design that w^herever possible 
the special purpose tank shall keep its ordinary 
aimarncnu so that when its spedal fuFaztion is 
completed it can go on fighting. The flail tanks 
siiU carry Eheir main armament in the turret. 
So docs the Churchill carrying ihe fascine, 
which is used for filling in the dilchcs. 


i 


i 


\ 
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The A.V.R.E. Churchill ^carrying the 12-inch 
mortar or Petard I is primarily for use against 
concrete fortilicaUDiu. The chargr thrpw^n 
teal led the " dust-bin "I has a veiy potent effect 
upon reinforced concrete fortilkutions. The 
range of ihe Petard is short. 

There are two types of bridgelaying tank, the 
Valentine and the Churehiil. The Valentine 
nonnally carries the Scissors bridge, and the 
ChurehiJl carries eirher the Scissors small box 


The ChLLn:h]ll, w hich later beca me 
OUT best tJbpurposc tEink. A 
Churchill tank Is seen crDS^ing a 
Scissors bridge, which i.'an be 
ennied by a Valt^niine tank. 
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girder or jinotbcr tvpe of bridge. In iiddilion. 
there is Ihe ChunrhiK fitted wilh troek^Tiys 
tT^'aby Arith 

Two factors which made for impro%'cmcnt in 
ihff pcrformajice of British tanks wra the 
increased use of welding and die cflcctivoness 
of the methods of w^eldiOR employed, it will 
be interesting to see whether there is any limit 
on the cflectiveness of welded armoiir plate. 

The oonstnjciion of tanks in Britaiii was 
undcrttiken m the main by the railway locomotive 
builders and other lirms normally making very 
heavy madiineiy^ and to a lesser e-'cteni by the 
motor industry. Behind these firms stood a 
huge anmy of subcontractors of every sort and 
conditioiL 

Armuiired Cars 

The popularity of the armoured car with the 
troops in the field has w and waned according 
to the various phases of dilfereni opemiions. 
For esample, they were regarded as a first priority 
for the campaign in the Western Desertn but in 
the early fighting in Normandy were; used httte, 
if ai all. Later ore wh^n the front became mobile 
agaim the armoured ears came back to popularity- 
Their usefulness in Italy was always limited by 
the terrain. 

Despite all this, some excellmL examples of 
annoiired car design have been produced and, 
in suitable ciicumstanees, they have proved very 
effective. At the outbreak of war the Guy 
armoured car was being supplied in quantity. 
Later came the Daimter ; both Daimler and Guy 
were remarkable for having the engine at the 
back. The Daimler was capable of being driven 
both ways, there being a separate steering wheel 
for the purpose. 

Humber supplied large numbers of care which 
w^ere used by the .\ntiy^ and Morris supplied 
some for the Army and the K.A_F_ Regiment. 
A.E.C. provided a very heavy design which was 
able to carry the six-pounder gun, and later the 
Mark 111 of this type w^as built to cany a 75mm. 
field piece. 

Daimler and Humber sapplicd a gn^t number 
of Scout Cars. Some of the Humbers were fitted 
with an mgenioLis amitigemont which enabled 
the gunner to fire a .103 Bren gun without 
exposing much more than his steel helmet above 
the car turret. This was a remote control handle¬ 
bar arrangement which carried the firing 
mechanism. 
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GUNS OF TO-DAY 

A lthough the Royal Regiment oT 
.Artill^' luboured for long^ during the war 
with Gcmiany, under a quantiiative 
disadvantage as compared with the artillery 
branch of the German Army^ its advantage in 
qualiiy kepi growing steadily. Except for 
some few^ pieces brought out of store for possible 
use in the event of a German LmdiDg here (.after 
the disasier of Dunkirk) a clean sweep had been 
made, or was being made, during the years 
betw'czn the wars, and new weapons were being 
designed and built for every branch of gunnery. 

The basic weapon of British artillery is the 
25-pounLler gumhow^itzer, which was developed 
from the experience gained with the la^pounder 
of the last w^ar. The 4.5/5.5in. gun-howitzer took 
the place of the old GO-pounder and 6in, howitzer. 
The Coast Defence gun.s have undergone a clean 
sweep and have almost doubled their range. 
There were still a few 3in. anti-aircralt guns in 
use, although they had been outmoded by the 
vastly superior 3.7in., The 3in. guns were kepi 
as a stand-by until sufficient 3.7s had been 
produced- It was not generally appreciated that 
the 3.7 was in many respects a better gun than the 
German SSmtn., good though this weapon un¬ 
doubtedly was. The reputation of the fi-S was 
probably due to the fact that the enemy had 
enonnous quantities of the gun and could afford 
to bring them right up forward for use in the anti- 
tank role, as wcU as using large quantities of them 
as anti-aircraft guns and field guns farther back. 

The 88 was conceived as an all-pLirposc gun, 
and this conception helped to make it easy to 
provide production in quaniity. In. addition, 
large numbers of them w^ere sold to the countries 
bordering on Germany, Thu.^ the>^ formed a 
cach£ against the day when German forces would 
overrun those countries, as they did. As an 
anti-aircraft gun the was outranged by the 
3,7; as an anti-tank gun its penetration per- 
fomiance was not as good as that of the British 
17-pounder. All the same, the 8& was a very 
formidable proportion to come up against in 
any cirtumslanccs. 

tt is probably true to say that the 25-pounder 
gun-how|tzer is the finest gun of its type in the 
W'Ofld to-Hiay. it is relatively light yet robust; 
It has a long range, yet is extremely accurate; jt 
is simple to build and to maintain, in hard 





A bartcry of JS-pdr jun howltzj^rs. 
Developed from ihc l!j-pdr, of tlK 
1914^1918 war. ih& 2j-pdr. i-t de¬ 
scribed asi probably Lti« finest gun 
of iis lype in Ehc world. 



figures it throws a 25‘pound proj^cliJc 13,500 
yftrds. and can fire as a tkid gun or as a howitzer. 
Although Lis muzzle vclocily in ils □□rmal role is 
only 1,700 f.a», it has performed most usttul ^^ork 
upon occasi on as an anti-tank weapou firing a solid 
shot of 20 pounds at a muzzle velocity of 2,000 f.s. 

The 25-poiinder has been supported in the field 
by two guns on a contmon carriage^ known 
together as the 4.5/5.5in. gun-howitzer. This 
esitremely convenient arraugernent provides the 
heavy mounting of both gun and howitzer ftre 
ihai is needed in thb Belli It means also that 
provision of spares is considerably cut down as 
only one type of carriage is to be provided for. 
The performancie of the two guns is 

4.5 ; —Range, 20^500; muzzle vejoeiiy+ 2,250 fs, ; 
weight of shell, 55lb, 

Sr5 i—Range, 16,000; muzzle velocity, 1,675 fs.; 
weigh! of shell, 1001b, 

The 25-poijnder, the 4.5, and the 5.5 have pro^ 
vided between them the vast prepouderance of 
those enormous artillery barrages which have 
been such a potirut factor in the success of our 
armies in the fieEl 

It was always recogriized that the 7.2 howitzer 
was a good gun, but the carriage with which it 
was provided was never particularly satisfactory, 
and various means bad to be adopt^ to enable it 
to stand up to the tremendous recoil thrusts of 
the full charge when it is fired at extreme ranges. 
This disability has been most happily overcome 
by marrying the gun to the American Sin. how itzer 
carriage. The 7J2 has a slightly longer range 
than the Sin,, although it fires the same w^eight of 
proJcCLtle f200 pounds). 

The anti-tank regirnents of the RoyaJ Artillery 
began the war with the two-pounder, which was 
quite an cfTcctivc piece for use against the armour 
thicknesses then prevailing in enemy tanks. It 
was a light gun with a rapid rate of fire and very 
great accuracy, although its muzzle velocity was 
not particularly high at thai time. However, this 
was improved upon later and towards the end 


of the European war the gun was again brought 
back into prominence by ihc addition of the littlc- 
john attachment, which very materially improved! 
its armour-penetration performance. The six- 
pounder anti-tank gun came into u^c during ihe 
campaign in the Western Desert, and was at once 
aDcjadmed as a most effective weapon of its type^ 
As compared with the enemy's 50mm. (the six- 
pounder has a calibre of 57mm. and is known 
by this name in the Anierican Army), the sis- 
pounder was considerably superior in perform¬ 
ance. This weapom too, has had its effeedveness 
increased by the use of special ammunition^ in 
this case Sabot shot, which enables it to pierce 
ihc very heavy armour of Tiger and Panther 
Eanks. Its muzzle velociw varies with the different 
types of projecTite which it can use. The lightness 
□ fid rapid rale of fire of this gun make it an 
admirable front-line w-eapon. 

The developmeni of ihe 17-pciudder anti-tank 
giin—considered by many to be the finest anti¬ 
tank gun La the w'orld—sounds like the spy story 
by Philips Oppenheim. Normally arlilLety is 
developed as the resuU of an intelligent apprecia¬ 
tion of what the enemy will produce and also as 
the result of improvements in gun steels, pro- 
pedants, and other technical items. It is true to 
say^ however^ that the IT-pounder was designed 
and developed to meet the Tiger, information 
about the developmcnL of which had reached 
[nteLti^n<ec from various .sources. It is a coinci¬ 
dence worthy of tlie rest of the story that both the 
l7-pouiiiJer gun and the Tiger tank should have 
gone into action in Tunisia within a few^ days of 
each other, and it must have been veiy dishearten¬ 
ing to the Germans to discover their newest 
panzer had already met its master. 

The l7-pourder, which is extremely light for ihi 
fire power, has a muzzle velocity of 2,9CX) f.s, 
with both armour-piercLng shot and high explo¬ 
sive. Here again Sabot ** shot has added 
materially to ihe eirectivcncss of the gun^ and the 
thickening up of armour that the Germans were 
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able to uadertake w arLtJdpalion of T> Day did not 
prevent their tanks from being peracirated by this 
remarkable gun. 

The enemy air attacks on this country provided 
us with an excelicnt opportunity to watch our 
anti-airciiart gunners at work. It is a fact not too 
welcome in the onlooker that enemy aircraft 
can take avoiding action and that during the 
lime it takes a she!] to travd from the gun to the 
target the target may have travelled several mites. 
At present it is possible only to “predict" the 
probable position of the target aircraft, and the 

prediction " is based on the assumption that the 
aircraft will continue on the course on which it 
was flying w'hen ihc “ prediction " was made. 
However all that may be, the fact is that the 
3 Js and 4Js did sterling work in shooting down 
enemy aircraft—and particularly In shooting 
down flying bombs—and in driving away enemy 
raiders from vital targets. The 3.7 is a rather 
delicate piece of mechanism, but extremely 
accurate up to its range of 39T^0Dfr. It fims an 
H.E. shell of 281b. The gun is provided either 
as a static weapon for fissed A.A^ defences or 
mounted on a towing pJadbrm for use in the held. 

The 4.5 h a static weapon firing a 5441b. shefi, 
to a range of 42j40ft. The 40mm. Bofors gun 
originated in Sweden and is a very' useful rapid- 
firing gun for engagements up xo 9,000ft. h is 
automatic and is Joaded in clips of four rounds. 
The 20mm. guns are dealt with under sniah arms. 


Our 9.2m. and l>[n. coast defence guns came 
into their ow'/i a little before the ^inal collapse 
of Grrmajiy when the Straits batteries sank 11 
out of IS German ships uying to rnake passage 
through the Straits from the occupied ports of 
France up to Germany, This was ma^[flcerit 
shooting at a range of 20 miles. The gunners 
who have used these weapons always had great 
faith in the 92 as an accurate and powerful piece 
of aitillcrvv but pride of place for range and 
power must go to the 1 fin. There is one amusi ng 
story about the 15in. equipments which were 
situated near Dover, Ii is said that there was 
reason to suppose that a particular building 
near Calais was being used by the Genuan 
Army in 1942 for highly suspicious purposes, 
and the gunners thought that ihe>' would try 
to put an end to the business. After three nuiging 
shots the>' hit the building fud in the middle. 
This was a matter for mulual congratulations 
ail round:, and celebrulions continued for some 
hide while after. During this pleasant interlude 
a message vA'as received from the Civii Authorities 
in Dover pointing out that as a result of ihcir 
eftctlLvc firing more than 80 German shells 
had fallen rn the ricinity of Dover in the 
course o( three hours, and asking the guruiers 
" not to be so damned accumte" in the future. 

.After the appalling losses of Dunkirk any 
and every sort of gun w-as pressed into service 
until production could make up for the losses. 
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This is not ih£ piaise to tell the ston^ of that 
procluL'iJon ettbrt in full, but it will not be 
unfitting to incntion 4oitie of the magnifitxnt 
work that went into gun produetjon. Any and 
every sort of factory that could inake ifuiis 
or smalt pbecs of gam v^'as roped in. Groups 
were formed among the smaller factories, so 
that they could make complete sub-asseniblics 
and, in some instanjcus, cortipfctc assemblies. 

One such group was fanned in KLcnt, with 
its headquarters at \faidstone. Led by a man 
whose name became a by-word for improvisa- 
lioTip tEiis group began by making small com- 
potictits For amiminilian and weapons, went 
on to make sub-assembljes for six-pounder guns^ 
and finished by making ihc complete weapon 
and carriagE. They did mis for four years and 
some of their tiny factories wen: under lire 
from bombs, shells, flying bombfi, and rockets 
during the whole of thai period, bu[ they were 
never late on a coniract. 

'fhe natural leaders in the drive to produce 
guns were the Royal Ordnance Factorife. They 
were designed ^ built, and tooled for just that 
purpose and they did a magnificent job. In 
point of fact they pn^duced rather more than 
half of aJi the guns—tank, anti-tank, field, and 
antiaircraft—that were madt in Britain during 
the w^ar. One Ordnance Factory established 
a record by producing 1,000 guns iti one month. 


and the labour farm in thai factory was 75 per 
cent, women. 

The produciion of the prototypes of the J7- 
pounder gun is another exampk of the work 
of the Ordnance Factories. Two of them were 
asked to make one guji each as quickJy as they 
could. In the last war 1 1 weeks svas the fastest 
time in which a gun had been made. During 
this war, up to thai time, the record was six 
weeks far a small gun. 

TwenivHinc days after ihc orders had been 
given [he Director-GeTicnil of Ordnance Factories 
called a meeiing at one of the two factories of 
ah the t^ctofy superlniendents who were to go 
on 10 the 17-pounder. They were to discuss 
production methods end any particular difficulties 
that had been met with so far in production. 
Tlie D.G.O-F- asked the two supenn-tendent-s 
already on the job to say what progress they 
had made, NciEher warned lo say, as each was 
afraid that the other might bs ahead, Ftially 
one rose from the lablc and pulled it cord which 
drew back the curtain at the end of the room 
disclosing the complete gun. finished in ^| days. 
The other superintendent then said that his 
prototype would be linished the next day. 

This, it is true, was an outstanding effort. Even 
so it was improved upon later on when a 17- 
pounder gun was produced in the incredible time of 
18 days. So much far Hriiish production methods! 
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INFANTRY WFAPONS 

S compared wilh ihe Iasi the infantry 
battalion is now a veritable afsenal. 

The iftfantiy began the last vt'ar amaed 
with the No, ] (,303) rifle anti sword bayonet. 
There were a few Vickers machine-gunSp but very 
fewv Oflicefs were armed with the Service Pistol 
No. J {.455 inch Webley revolver). Ln the course 
of that war the infantT>' acquired the MLUs 
grenade and the Stokes mortar and the Lewis and 
Hoichkiss machine-guns (,30J inch), together w iih 
an enoiTtiDUS tnemase in Vickers machine-gun^. 
Now'adays the infajitry have, or have had dumg 
the war+ the rifle No. i and No. 4^ the Bren light 
machine-guri (.303 inch), the Mills grenade, the 
No. 69 plastic grenade^ the phosphorus smoke 
grenade, and the No. 74 or sticky grenade. In 
addition there are the Vickers medium machine- 
gun, the Boyes (.55 inch) anti-tank rifte. the Pro¬ 
jector, Infantry, Anti-Tank for P t.A.T.), the 
2-iiicli, 3-mch, and ,4-5-mch mortars* the two- 
pounder anthtank gun, and the six-pounder anti¬ 
tank gun. Apart from all these there are the sub¬ 
machine guns, c±icf of which is the Sten, 
Moreover the Home Guard—infantry if ever 
there was any—were equipped with light artilleiy 
as well as most of the foregoing- They had the 


Northover projector, the Blacker bombard for 
29mjn. Spigot mortar)^ and the Smith gun, Some 
of these weapons were aJso available to the 
R,A.F. Regiment for the defence of aerodromw^ 
together with 40nimi. and 2(lmm. anti-aireraR 
weapons. 

At the beginning of this war the rillfr was still 
the No. I—commonly known as the S.M.L.E. 
{Short Magazine Lee Enfield)—and its bayonet. 
It was a thoroughly reliable woipon which had 
stood the test of active service in all OicaLies. 
ft had the famous Lee bolt action, the best in the 
world for easy manipulation and, consequently, 
for high rate of fire, and it was exlfcmcly accurate. 

Good though this liBc was» it was not suitied 
to mass produetiatL, and it had been decided in 
1926 lo develop another design. This was the 
No. 4 rifle, and it was fitted with a short bayonet 
It was put through extensive troop trials, which 
it passed satisfactorily. The design was then put 
into cold storage pending an eraergefte>'. The 
emergency came, and just before war broke out 
production of the new* rifle was ordered. In 
1941 it began to Bow through. While production 
was in progress one or two funher changes were 
made to simplify production suU more. One of 
the^ was the substiiution of the plain spike 
bayonet for the original design. The weapon 
has given satisfaction in service. 

Since then another paticm of rifle—a tight 
w^eapon—has made its appearance. This is 
the No. 5, which is actually a modified No. 4. 
The modificadoiLs—some of them very ingenious 
—being intended to reduce its weight for use in the 
Far East. The new weapon weighs 71b. as against 
the 91b. 2oz. of the No. 4- It is also consider^ably 
shorter. iLs accuracy has not suflered from the 
changes, however, and it is generally com¬ 
parable with the No. 4 rifle for servioe use. 
Two of the more interesting changes, both 
coniJngent on the shortening of the barrel, arc the 
addition of a flash elimLaator and a recoil pad 
on the butt to reduce the elfect of the recoil. 
It also has a new hunting-kniic of bayonet 
Sin. long. 

The Bren light machine-gun, so deservedly 
popular with troops, is a considerably modified 
British veriiod of a product of the famous Czech 
ar^nal at Brno. It is Ugh!, accurate, refiabfe, 
and isimple. In fact, it has most of the qualilics 
desirable in a weapon of this kind and has more 
than justified its production. 

The Vickers medium machine-gun has been 
made the more etfectivc by the introduction of 




Testing a Bren mactunc-gim in a factory. The Brea gun is 
popular wilh the Pchpps, facing nght. reliable, siinplc and accurate. 
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Onc; the new projectors devtsetf during the wTir —ihc P.E.A.T. 
It is a deadly anti-lank weapon, tiring a 21]b. projectile with 

acCojllE>> 


new sirc&jtilincd ammimJiion which has con- 
sidembly increased its mnge. Refcnrncc shaj]d 
be made at this point to the 7,92mm, Besa 
machirvc'guti, aithouj^ this is tiol an infantry 
weapon. It is, however, fhticd lo most British 
tariks and has proved very satisfactory. 

In the last war it was mainly ol^cers who 
carried revolvers- This lime many other ranks 
were so equipped, particularly ihe crews of tanks 
and aimouredi cars. The weapon now carried 
is the No. 2 pistol (J8 revolver). 

The number and variety oF hand grenades 
now issued to troops is a reflection of the 
difhckilties with which infantry^ now have to 
coniend. The Mills grenade serv^es purposes 
simiJar to ibosc for which it was employed in 
the last war. It may be thrown by hand or 
projected from a rifle dischaigpr cup. Its lethal 
quahty compares most favourably with any 
(kher grenade in use by eiiber side during this 
vw. in Fact, so deadly is it that it Frcqucnily 
conslJtuies a danger to the thrower. 

To provide a grenade that conJd be used at 
short range the No. 69 plastic grenade was 
produced. It is fitted with an impact fuse and 
has only a limiled lethal range. Hven so, its 
blast effect Ls considcrabk^ but there Is little 
danger from flying fragments. A new and very 
effecti^-e dtial-puipose weapon is the phosphorus 
smoke grenade. Its first purpose is to provide 
smoke cover for the movement of advancing 
troops; but the white phosphorus with which 
it Is filled is a deadly composition for those 
who come into contact with it. 

At the beginning of this war the only anti¬ 
tank weapon {apart From the tw^o-pounder 
anti-tank gun) which the inraniry soldier had 
was the Boyes .55-iiKh rifle. This was an accurate 
weapon which could pcnctiaLe about I inch 
of armonr plate up to 300 yards. The Germans 
then increased, and continued to increase, the 
thickness of their tank armour. Instead of trying 
to improve the performance of the Boyes rifle 
to defeat this the grenade No. 6S was produced. 
This grenade was designed to be fired from the 
rifle discharger cup. It was interesting in that it 
was the first hollow-charge proiectile in the 
world to be put into active service. Although 
the No. was a consider able advance on the 
anti-tank riffc, it would perforate 2 inches of 
armour plate at between 60 and 90 yards^ its 
flight was sometimes erraiic and inaccurate. 
Another intetesting anri-tank grenade is the 
No. 74 or sticky bomb. This consisted of a glass 
or plastic body with a woollen jacket steeped 


in a powerful adhesive. For transportation 
the very' sticky object was pul inside another 
container. The user threw this grenade from 
a distance of about JO yards and the adhesive 
held the bomb on to the tank long enough 
for the 5sec. fuse to explod.e. This bomb would 
penetrate about an inch of armour plate. It 
was also a. handy demolition charge. 

Even when allied to patriotism these w^eapons 
were not enouEh against the heavy tanks our 
troops were nrating. The next step wa^ the 
development of the Pd.A-T. This clumsy^ 
unorthodox-looking article is in facta very deadly 
and-tank weapon. It weighs onJy 331b. suid 
fires accurately a 2^1b. projectik. It can hit a 
moving target at from BO to 120 yards and a 
stationary target at up to 370 yards. Its hollow- 
charge projoctile can penetraic 4in. of armour 
plate. In the wooded country^ of Normandy 
it dealt very successfully with Ttger and Panther 
tanks. The infantryman found he could sucoess- 
fully attack houses^ machine-gim posts, emplace- 
mcnis in hedges, and even snipers Ln trees with 
thri weapon, for the fuse was so sensitive that 
it would detonate on touching leaves and rwigs. 

There has been no striking change in mortars 
except the increase in their size. The normal 
2hi., 3in., and 4.2in. mortars have increased 
rangCj greater accuracy, and considerably more 
punch at the receiving end, 

British troops who met German troops in 
the Saar zone in 1939 noticed that the Germans 
were armed with a machinfr-carbine—that is, 
a short, light, automatic rifle. There had been 
some investigation into the value of this type 
of weapon before the war, and as a result of the 
meeting at the Saar a demand arose from the 
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Army for siuJIjit weapons* There were some 
nipchine^arhines in this country and they were 
sent to units for immediate use. As a result 
the Thompson sub-machine gun, which was 
ki production in American whEcc it was known 
as the Tommy*’ gun, was selected as a stop¬ 
gap and supplies were obtained. The immiueiioe 
□f invasion in the folEowing year, with the 
probability of mueli street Oghling^ brought 
thi^ problem to a head, and the Sten gun was 
developed by British designers and put Into 
immediate produciion. 

The keynote of the Sten w^'s its simplicity and 
suitability for mass produclLun. Ii wai designed 



A l\umc Owjrtl firing a Sten gun from the shoulder, 
Snnple !□ Tnuke. mnne than l.tMM.OOO Sten guns 
were produced duririg ihe war. 

to be made in miEllnn^ and everything except its 
efficiency was sacrificed to that end. At first ft was 
an ugJy brute to lock at although most of its 
defects oF appearance hare now been remedied 
in the No, ? Steu. However, al ranges up to 
2(X) yards it tired quickly and accurately and at 
killed Germans, 

The Sten consists of only 5 ! parta in all, and 
most of those pares could be made in any factory 
in Britain. In two or three faetoiies It was pro¬ 
duced •' on the line/' There w'ere not enough 
iaciories of that kind, however, and any factory 
that could do even one dperatiQU Od one com¬ 
ponent of the gun was brought into a producuon 
scheme. In the London area there were scores of 
such factories, ranging from garages employing 
up to 20 people to one production unit established 


in a disused cbicktn-hou^ where three people 
w^ere employed. 

The " belt belweea these tiny production 
units was o truck which made a daily tour of all 
of [hem. Ii set out whb a load of raw maieriai, 
left it at the first factory^ picked up the com¬ 
ponents which had been completed there, took them 
On to the next workshop when: another operation 
was. perfnnned, collected the previous day's 
work rrojn ihere^ and so on all round Greater 
London, 

This system was completely unorlhodojc, bnl 
it wmked. Ju addition it brought into the pro¬ 
duction problems the brains of many people. 
Frequently the tooling at these Iftde worktdiops 
was such that they were unable to tackle the Job 
that they were given kt the way laid down, so they 
Silggc!slcd other waj's—sometimes better w'ays— 
and wherever possible those ways were adopted. 
The result was that moric than 3,OCXJ^OOO Slcn 
gtins were produced. They were used by the 
Regular Armies of Britain and her ConiincntaJ 
Allies^ by the Home Guard, by the tt.A.F. Regi- 
nient, by parachute troops and commatidos, and 
they were dropped in thousands to the guerrilla 
and patriot forces in the occupied countries of 
Europe. If ever an experiment in the unorthodox 
iustitied tL4trir+ the Sten gun did. 

Dive-bombing in France, and parucularJy in 
Crete, where the enemy made e-xtertsive use of afr-: 
bumc troops, showed the paramount fieccssity for, 
hrst, dfective air cover and. secondly, efficient 
light flrtii-aircraft weapons. ZOmm. guni were 
needed to give rapid fire against low-flv'ing air¬ 
craft. The Hispano gnn was in great demand for 
the Air Force; ii was fitted in most fighter air¬ 
craft together with the .303 Browning. The early 
Oerllkod gun was in equally great demand for use 
at sea. To meet Army requirements the very 
much simplified 22mm. gun Polslen wiis de¬ 
veloped here and put into production. It is as 
efficient a weapon as either of the other two and rc- 
guires only one-third of the man-hours to pro¬ 
duce. The gun was mounted for anti-aircraft 
defence singly at first and later in triple mount¬ 
ings, but was little u.scd In [atcr operations be¬ 
cause of the virtual demise of the enemy dive- 
bomber. 
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MILITARY BRIDGING 

T he two years before tlte war saw a 
number oF changes in (he tactics of rKer- 
CTDSsing opcnitiOTis. These chan^ wcrjnc 
brouglit about by increases in the use of auto- 
maUc weapons and developments in the employ¬ 
ment of tanks and anti-iank guns, in these two 
ycais^ Lhnrcforc^ bridfpng policy and eqiitpmetiL 
also underwent a number of changes. 

In the first place the assault boat had replaced 
the Kapok footbridge, since more dispersion was 
required for the attacking troops to minimize 
casualties : secondly, anti-tank guns were required 
across the river at the earliest possible jnomerii in 
order to deaJ with the armoured counter-attack : 
and thirdly, the tanks themseJves were required 
to cross as closely os possible behind the infajitr>'. 
To add to the engineerini difRculiies the (Links 
began rapidly to Jricieasc in weight and (o be 
cairkd on transporters. 

Unlit 1*^37 the heaviest bridge in the sei'vice 
was of 19 tons capacity, and it was nol e'tpcctcd 
that even this would be erected within two days 
of the assault. In 1937 tlie Matilda tank was 
ijJider development at 23 tons^ but owing to 
incmuscs b armouring during development it 
finally went into production weighing 2h tons. A 
new pontoon equipment (Mark V? of 24-too 
capacity had been deveEoped siniidtaneously and. 


although this would take 26 tons^ it was strtiichcd 
ED ihc licnii in doing so. It was, however, the 
standard fToanng bridge with which wc went to 
war. Owing to u number of improvements in 
design it w'^as little heavier ihafl the old 19-ton 
bridge and could be assembled equally quickly; 
this was essential, since tanks were now required 
to cross early in the battle 

Since 1929 the standard light bridge had been 
the l olding Boat Equipment (FBEi of five tons 
capadiy. In 1933 the newly formed Mobile 
Division (now Lst Armoured I required a nine^ton 
bridge to take all its transport (except tanks). Sy 
the in trail uctioti of the principle of " limited 
articuLatinn ^ and the provii^ian of a new^ super¬ 
structure on the existing folding boats, Ehc 
capfteity of EBE was raised from five to nine tons 
without increase in weight. This bridge was so 
popular and so quick to erect that it was adopted 
in 1939 for use throughout the Army, and has 
served as the Class 9 ” bridge throughout the 
war. 

Tire system of bridge and vehicle "classes" 
was intruduixd in 1938 and has greatl> sinipliiied 
Trufhe control and route marking in the tielil. 
It has also eased the problem of the ever-present 
Competition between bridge and veliicle designers. 
By thi'? system all vehicles carry a numbered sign 
correspond!rag to their weight cIom. and can cross 
any bridge which shows a similar or a greater 
numfccr; it is thus possible to Icil at a glance 
which vehlcFes can safely cross which bridges 
The numbers arc black on a yellow ground and 
must be familiar to many toad-users In this 



Mr. D. C. Uaticy. chief desi^cr at ihi 
EspcnTTicn ml BriJgini; EstBhliihfinenL, aE 
work- Right: A Biiilcv built over 

Ihc River Khifte. 
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countri% since all civilmni bddRcs were cia^^jfied 
under the system in llMO. 

Ntin-flonting bridgEi before the war enisled in 
the form of the Small Box Girder (SBCi), Large 
Box Girder (OGj, and HamiKoti bridEes. SBG 
Would take Class JS over 64ri, and was, togeihcr 
with FBE, the standard bridge carried in the 
division. The advent of the Matilda necessitated 
redesign of SBG to raise its capacity to Class 24+ 
and this bridge superseded the Class |H version 
in 1939. LBG and Hamrjton were both Intended 
for rear areas and were not designed for uJtia- 
raptd cTECtion, LBG. which was based on the 
Martel box girder designed after the last war, 
would take Class 30 over 1 30rt., and the Hamilton, 
which was a single or double truss Warren girder 
built up of angles, was of similar capacity. 

Professor C. E. Inglis, of Cambridge University, 
about this time produced a modernized and 
improved bridge btiilt of tubes on the same 
principle as his famous bridge of the last war. 
k was a Warren girdef in which it was possible to 
vary' the number of trusses according to the 
strength required, a feature which had first been 
introduced In the Hamilton bridge and which 
showed great promise. The Inglis bridge w-aa 
originally designed for Class 24, but was modiiied 
later to increase its capacity. It was put into 
production in early 1940 and w^as so versatile 
that it was iniroduced as the divisional bridge in 
substitution of the SBG. 

After Dunl^irk it became apparent that still 
heavier tanks would be required for the counter¬ 
offensive against Germany, and in 1940 the 
Churchill was under development at 40-45 ions. 
Methods were devised for strengthening ihc Ingfis 
bridge, bm a number of esini parts were required 
and the original simplicity of the design was 
somewbiit impaired by their addition. No floal- 
ing bridge to carry ihis Icxad existed at all. 


Mr. D. C. Bailey, chief designer at the Fsperi- 
mental Bridging Establishment, Christchurch, 
then produced an idea for a bridge the girders of 
which were built up of prefabricated panels Tiicse 
panels could be erected in various combinations 
of storeys and Lnisscs to give vary ing strengths of 
girder, and the decking could also be varied in 
Slnengih. Design, mnnufartuie and tesi of pilot 
modelK and production were carried out in 
record time, and the first bridges were in the hands 
of EfiOOps 1C months aker the design was tirst 
contemplated. 

As will appear from above, a considerable 
number of types^ of bridge had by now crept into 
the service^ with their attendant difhcukLcs of 
manufacture anef training. It soon iTecame 
appareni, however, that the Ealiey bridge could 
take the place of oeariy all of ibem. It could be 
used as a heavy or light bridge^ fixed or tloatiug, 
and was quick lo croct. Production was ihere^ 
fore stopped on Pontoon bridge Mark V, SBG, 
LBG, IngJis, and Hamtlton, and was concent 
trated on Bailey. This production finally occu^ 
pied 600 rirnrts, who between them made over 200 
miles of fixed and 40 miles of floating bridge for 
the use of the allied armies. 

The first few months of our ofTensivt ctimpaigr> 
in North Africa Involved no bridging probleins* 
but the advance through Italy with Its mountain 
gorges and swift-flowing rivers involved bridging 
on a scale which had never been met before. 
Never in history has an army carried out demoh- 
lions to the degree practised by the Germari'v in 
their three years of retreat. U has been necessary 
to erect over 3,000 BaiJey bridges In Italy, and 
nearly half as many in North-west Europe, cuh 
minating in the crossing of the Rhine, over which 
the first 40-ton bridge w^as built in 30 hours. 
The longest Bailey so far erected is over 5,0(K>fr4 



In the Bailey bridge 
the girders are bailt 
up of prefabricated 
panels which can be 
erectied in various 
combinMitinn^ to give 
varying itren^hs. 
The picture shows a 
BiiiJey bridge under 
consiruction. 
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LLanding U TBi'k of TIJWkcl pro- 
Jectiks on ttiq wing i»r li T^phODin 
nx \x forwiird basi?. These pro^ 
jcviilta were used most effect ively 
in coEluboration with Eroynii 
foriTe^ in ntuicks on German 
fittong-pHUinlS. 



ihii is a semi permanent brid^ across the RJiinc, 
supjwrted ort ptks+ 

It VTdS rtcogiilzed early that imtil afipating. 
bridi$c could be built, %'diicies would havr ta be 
ferried across rivers on r^is. A number of rafts 
were developed during the war varying in capacity 
from anti-tank guns tp ChurphiJl tanks, imd ihcsc 
were used successJlilJy on aU major river-cross* 
Ing operations. Out-board motors and motor¬ 
boats were also provided. 

?^pecial seLf-launehing bridges carried on tanks 
were also Introduced. The folding Scissors bridge 
on the Vakniine and a 34ft. straight bridge 
carried on the Churchill were the two main types. 
These were perforce of limited span/but could 
be launched by the crew rrom within the lank 
without exposing themselves to fire. 

Railway bridge design has also made a number 
of advances during the war, but has fewer un¬ 
known factors to contend with than has toad 
bridging. Pre-dfiUed steel joists am provided lo 
deal with short spansi. Gaps up to 85ft, are dealt 
wcih by ihe Unit ConstructLou bridge^ and up to 
|50ri. by a lattice type ” through bridge also on 
the uciit construction princtple. More recently 
the Evcrall SectionaJ Truss bridge Jms been pro¬ 
duced, which can be used up to spans as large as 
370ft. Special forms of sectional trestling have 
also been evolved for railway work,, but these 
have many olher uses such as for road bridging 
and for jetties and harbour repairs. 

This account uicntlons the main types of equip¬ 
ment only, but there have been a number of 
minor- items which have also been devetoped- 
There are also ntimcrous additionaJ Laics of the 
BaiEey bridge which are still subject to censor' 
ship. There is no doubt that military engmeering 
has made greater advances during the war than 
at any other time in history. 


24 

ROCKETS AS WEAPONS 

A n important group of weapons, to the 
development of which the war hag given 
impetus, has resulted from the application 
of the rocket prindple to a variety of rnsHtary 
pinposes. 

Research and developmeniL, Ln this country^ 
on rockets was shuied some two or throe years 
before the outbreak of war, following reports 
of Ehe advances that had been made in this direc¬ 
tion by the Germans. The long-range application 
of the rocket as escmplitied by the German 
V 2 " formed part of the prii^manime originatly 
proposed, but it was early decided to concentrate 
on those aspects of the rocker which would 
enable the gaps in our general armament pro¬ 
gramme to be most quickly fiUed. 

One of ihEsc was the anti-aircraft application, 
and the first rocket project lo be brought to 
fniitioii in this country was designed for anti¬ 
aircraft use to supplement, and eu some cases 
replace, the anti-idicrafi guns. The method 
of use of the weapon difTcred rronri that of the 
gim iu that firing was nomally in salvoes of 
about 100 rounds against a single target to 
produce a barrage effeci, iu placx of attempting 
to hit by continuaus single-round prediction. 
TiTe lethal effect of each single rocket was 
roughly equivalent to that of a 3.7iiL A.A. shell. 
The projector in most general u.ge consisted of 
twin barrels on one mouniing, though multiple 
projectors with a considerably huger number 
of barrels have also been put into service. Thc 
moJi-power saving wtts found to he considerable, 
and the comparative simplicity of the equipment 
nendcred it partiailarly citable for use by 
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relatively unskilled personneL an imporLant 
consideration at the time. 

When a rocket is fired ihcrr is litde or no 
recoil on the projector from which it is fired, 
w^hkh therefore can be made of very- hjihi con- 
stnjction. This property of the rocket renders 
it peculiarly suitable for emsh concent riition 
fire, which can be prodneed from mtiln-barTelled 
projectors which are relatively mobile, as a result 
of their lightness. An outstanding example of 
the barrage use of the rocket was the satumiion 
weapon fired from specially converted landing 
craft. This weapon was used with steady success 
m a series of operations startiiig from the landing 
on Sicily and culmmating in the mvasiod of 
D Day. The purpose of the crafl was to saturate 
beach dcrences io support of landing operations 
during the final stages of the assault and several 
hundred rounds, each equivalent to a 5r>Ln. 
shell, during this final stage were bred from each 
craft. 

Later, the land coumer-pan of the rocket 
craft was used with success in Western Europe, 
where a heavy concenLiatioii of hre w^as necessary 
for a short time. This weapon w-as a dcvdopiniLiit 
from the original ami-ainn-aft rocket modJtied 
to carry a larger weight of explosive. 


Ano±er application was the aitcrafT weapon, 
again developed on the basis of the rocket 
motor usedi for the anti-alrcrafl weapon. This 
weapon has been tilted to a variety of aircraft 
types and has been used with conspicuous 
.siicces.s in land operations against targets, such 
as lanks, strong-points^ and troop concenirations. 
.4 modified form of it played an important 
part in the attack of U-boats, the rocket being 
particuLirly suited to this type of warfare, since 
its shape leads to its having a very good under¬ 
water perfonnance. 

Finally, ineniion should be made of the rocket- 
assisted bomb, w^hich was ■designed for ihe 
pencLia tLon of thick concrete roofs of submarine 
and E-boat pens. Here the rocket action ts 
delayed until after the bomb has dropped a 
considerable distance, the thrust of the rocket 
motors being utilized towards the end of fall to 
Increase the Tcmunal velocity. 

The rocket played an important part in the 
w^ar, but its dc^iilopmenT may be said to be stiJl 
id its infancy- Higher power, greater accuracy, 
and increased simplicity are all objectives which 
must govern post-war development, and ii is 
safe to predict that considerable Improvements 
in ail these directions are within our grasp. 



Rockcl 5uns were a potent weapon in Bririin's defences against enemy flirizralL They 
were [lie result of years of experiment^ and were Qrsi ies.rcd sccieUy in JamaicLL A 
multi pie-barrel led A.A, rocket gun is seen ifi acLtorL 
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WARSHIPS AND 
LANDING CRAFT 

T he □utbreafc of war found the great 
rearmament programme, initiated under 
Mr. Baldwinp far From complete in the 
naval sphere; and, moreoverp in the previous 
two decades so few had been the orders for ships 
of war amd their armanienUi that much of the 
facility for rapid navni expansion possessed by 
British industry for generations had been dissi¬ 
pated. It was still in process of being built up 
afresh, but throughout the early part of the war 
the vvork of shipyards suffered continuously 
From shoriagtr of man-power and of the men 
possessing specialized experience built up by 
generations of shipbuilding. This s-ery soon 
made it necessary for the whole of the ship¬ 
building of the country* naval or mercantilep 
to be placed under one control, so as lo mate the 
best use of available resources as rctiuired by 
the needs of the conduct of the war. The whole 
of the merchant shipbuilding w^as therefore 
placed under the Admiralty* and Sir James 
Lithgow was appoinTccl Contraller of Merchant 
Shipbuilding with a scat on the Board of 
Admiralty* 

The building progntmnne of warships in hand 
at the outbreak of war was Im^. There were in 


hand nine battleships—the five ships of the King 
George V class, of which only three had been 
launched: the Lion and the Temeraire; and the 
two new unnamed ships of the 1939 programme— 
nine cruisers of the Fiji class, of which only four 
had b^n launched; 10 of the smaller Dido class, 
six of which weic afloat; six aircraft-carriers of 
the V^Jciorious class, of which two had been 
launched; 14 fleet destroj^ of the L.* M., and 
N, classes; and 30 of the ships which were then 
called fast escort vessels " but were afterwards 
more suitably named " Hunt-cEass destrov'crs.” 
In addJti°“^ these, it had been announced in 
Parliament on August 2 that 56 vessels of a 
whale-catchcr type were to be built for patrol 
and anti-submarine duties; by the time these 
invaluable vessels cajne into service they had been 
given the shorter and less stilted name of “ cor^ 
vettes/'' 

Full details of the modifleations and additions 
that were made to this programme are not yet 
available, and the progress made with It can be 
mdicated only in very grncral terms. Work on 
the live battleships of the King George V class 
was continued, and they were put into com- 
nusslon in due course, although the interval which 
elapsed before the last two joined the Fleet 
suggests that work on them may have been sus¬ 
pended for a timep at the outbreak of war* in 
order that greater progress might be made with 
the production of the large number of anti¬ 
submarine craft of which the reed might well 
have been judip^tl to be greater. Of the other 
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four baiLleSiliips only oive, so far as is knowru 
has yei been LaurichctJ—HVM.S. VanguariJ. 
Eaunchied by Princess Elizabeth in November^ 
1944 —so it would seem thai work on ihem at 
leasi must definiteN have been suspended. 

The cruisers were all completed as soon as 
might be, mostly in 1940 and 1941, though some 
of them were later. Two more of the Fiji class— 
the Newfoundland and Bermuda—were budt 
and live more of the Dido class; there may have 
been more of which names and details have not 
yet been made public. Of the aircraft carriers 
the Illustrious, Victorious. Formidable, and 
Indomitable were all coiupleied by 1941, bnt as 
the Indefatigable and Implacable were not 
completed until 1944, ii woutd seem that work 
on them too must have been suspended for some 
time. Others have been laid down since, of a 
number not yet known, H.M.S. Powerful and 
Leviathan were both launched during 1945, but 
they have been described as '* light carriers,” 
which seems to indicate that they are considerably 
smaller than the 23,000 tons of the earlier ships. 

[| was on the construction of anti-submarine 
craft. Fleet destroyers. Hunt-class destroyers, 
sloops, and corveties that efforts were chiefly 
concentraied in the early part of the war i and as 
the need was chieOy for nuiiibers, it was mainly 
on the corvettes, which being the smallest could 
be produced most quickly. One R.N.V.R. officer, 
writing of his experiences when commissioning a 
new cor^die in 1940, wrote that “ indeed, it 
seemed as if, up and down the Clyde^ anyone 
who had ever bandied a hammer had set up a 
pole in his back garden and started building a 
corvette.** By 1943 there were over a hundred of 
thern in commission, not coiintitig those—a sub¬ 
stantial number—^which had been lost in action. 

The number of Hunt-class destroyers was not 
much smaller, bnt it was not until a later stage in 
the war that it became possible substantially to 
increase the number of the much larger and more 
elaborately equipped Fleet destroyers. By the 
end of the Cserman war there were destroyers in 
commission^ later than the N. class, of the O., 
P„ Q., R., S., T,, U., V„ W., and even Eater 
classes, though the numbers in each cannot yet 
be delmltely stated. Indeed, destroyer con¬ 
struction may have progressed even further by 
now, 

Tfi 


Before leaving the subject of w^prships proper, 
mention must be made of the " frigaies/* which 
came into service in 1943. The corvettes—the 

whale-catclier type of ship*'—had proved 
remarkably good seaboats, of good endurance and 
capable of doing the duty for which they were 
designed, throughout the North .Atlantic winter 
passage in company with a slow convoy ; but 
they were small and uncomforiahlc ships—the 
author already quoted remarked once that "'a 
corvette would roll on wcL grass"—and they 
were hardly fast enough to deal adequately with 
the later classes of U-boats. As soon as ship¬ 
building resources permitted—or rather, engine- 
building resources, for that proved the bottleneck 
of production of these ships—the frigate class was 
lotroduced. These were larger* faster* and just as 
seaworthy in Atlantic winter conditions. 

Of submarines, there were just over W in 
existence at the outbreak of war, a number which 
included many of the older boats, some of them 
veterans of [he last war. which were useful only 
for Gaining and cxpcrimenial work. Production 
of new subnoarines in large numbers went on 
steadily throughout the war, though no details 
can yet be given. The same is true of light coasta I 
craft, of which there were only some 20 or 30 in 
esistence at the outbreak of w^ar, but which were 
multiphcd many times over after the occupation 
by the enemy of the whole of the Channel coast 
made the Narrow Seas unsuitable for the opera¬ 
tion of larger men-of-war, and called for the 
employment of mosquito craft in large numbers. 
In all, 1*3B6 df them had been built up to June* 
1944, the majority since 1940. 

This brief survey of the developments in war¬ 
ship building throughout the war years brings us 
to the subject df landing craft, upon the building 
of which such a large proportion of shipbuliding 
resources had to be concentrated In the later years 
of the war. 

Landing craft, as we know them Lo-day, 
are to all intents and purposes a new production, 
dating only from the present war. Before 1914 
there were in existence^ indeed, a number of 
special boats of about the size of the battleship's 
launch, the largest man-of-war’s boat, which 
were known as hocse-boats, and were to be 
embarked if landing of troops on an open 
beach was in conDemplation. The horse-boat 
wa-s a flat-bottqmed boat designed for beaching, 
with a square stem whkh let dovm so as to 
romn a ramp for disembaication of horses or 
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horsed vehicles when the hoiit was grounded 
on a b^ntly shelving bcactL Ttiis wa^ a very 
primitive craft which had survived Crofn the 
days of Kallmfi ships, and although it was used 
in ihL! 1914-IS war it was quickly Ibund to be 
out of dale even then. Thai war prodijccd die 
X-lighter," a self-propelled steel barge with 
a ramp at the bow. X-lightens were used at 
Gallipoli, hut they too were a primitive pro¬ 
duction, imhandyt too large to be carried in 
troop ships yet too small to be seaworthy For 
anything but the shortest passage. 

bxperirnents were made between 1919 and 
J93y w'itlri smaller landing craft, to be carried 
in ships; but little money was allowed for them, 
and it was adJy in August, 1939, that the first 
of the landing craft known as the L.C.A." ran 
its trials, li WHS a self-propelled, shallow-draught 
boat, with a landing ramp at the bows, designed 
lo be earned in a ship and to transport a load 
of about 10 tons. This may be taken as the 


prototype of all the landing craft which were 
developed in great diversity after the outbreak 
of war. 

The Norwegian campaign of 1940 demon¬ 
strated how very unprepared wc were for any 
fonn of amphibious operations in modem 
conditions, and gave a great stimulus to study 
of equipment that would be needed if thiiy were 
to be undertaken with any hope of success. 
The withdrawal from France which followed jn 
a few monihs made il clear that they would 
have to be undertaken before the tinal victory 
could become possible^ and added a siiU stronger 
stimulus in the same direction. 

The L.CA. was designed for puUing ashore 
as rapidly as possible the first assault wave 
of an invading force, consisting only of troops 
with the minimum of weapons and equipment 
that they could take with them. Bui as soon 
as they were landed—or perhaps in some circum¬ 
stances, even before they could actually get 



A i^triking itudy of H.M.S. Anson, one of the King George V class bardcshiips, at sea. The Anson and Howe were laid 
duwu in 1937, and aie sister ships with a displacemeni o± 35,000 ions. 


79 










BRITISH WAR PRODUCTION 



Tfic hLii i^ravfd Lnv-iiluablc for patrol iLCii^subinaiiJic dutio;. 


o-shore—ihev wou'd need ihe support of tirnks, 
gunSn and armoured vehicles. From the L,C-A., 
Lhcreforc. ^viis developed Lhe L,C-V1.—“ Landiti^g 
Craft, M-echamzed*^—of about Lbe same size 
bill designed specially for ^chicEcs rather than 
men. These two types of tanding craft were 
desipiiEd to work under the cover of gunfire 
froin ships of iv'ar tying oft the landJnE place; 
but as warships could not provide every assistance 
which they would need in those circumstances 
there was also developed die Support Landing 
Craft ” —L.CrS. This another craft of about 
the same size fitted with a substantial armament 
and smoke-taying apparatus; it was nut 
designed to be beached at alL 1 e was much 
faster and handier than the actual landing craft, 
and its armament enabled It to engage 
either shore targets or auacking airdfafL 

From these, it necessary to dev elop some¬ 
thing larger In order to provide an ainphibious 
force with tanks at the earliest possible moment; 
so for the transport and landing of armoured 
Formations was developed the Tank Landing 
Craft—L.C.T_ For this purpose it was necessitiy 
to go to a length of about ZOOFi. aJid a displace¬ 
ment of some 350 tons, though otherw^ise the 
L_C.T. was essentially no more than an enlarged 
edition of the L.C-Arp^ with a landing-rimp 
bow- which lets dow n on to the beach. 

By virtue of its greater size alone the L CT* 
u-as able to make much longer passages than the 
smaller landing craft, and some of them have even 
crossed the Atlantic under their own power^ 
though they presumably had to be specially 
ba timed down for that passage. Though it was 
designed and developed originally for the direct 
landing of tanks, it is^ of course^ available for 


almost any other class of military equipment or 
forces which need transport. 

After ^the assault stage of an amphibious 
operatjoo cDmcs the vitally important *' build-up ” 
stage, in which, though it is probably necessary 
still to put forces and equipment ashore on open 
beaches, there should be no direct local opposition 
to be reciconed with. Assault craft are no longer 
necessary, and it becomes necessary to increase 
the speed and volume of dLsembarcation, a 
requirement which calls for ships even farpr than 
the L,C,T,s. This need led to the development of 
the Tank Landing Ship—L.S.T.—a ship of dis¬ 
placement running into four figures, fully sea¬ 
worthy for ocean passages yet still capable of 
being beached and of disembarking mechanically 
propelled veliicks direct. Photographs of these 
ships are very familiar now. When at sea they att 
indistinguishable from ordinary' merrhant ships of 
moderate size; for their bow ramps^ which they 
let down when beached, just as the L.C.T.s and 
smalkr landing cral\ do, arc enclosed by double 
doors, opening sidew^ays, which, when shnq. form 
a bow to the ship of the ordinary form. 

Besides these there are infantry landing ships^ 
L.S.r,—also of proper ship form, but beachable 
and fitted w^ith long gangways to be run out 
ahead on either bow : and many other landing 
ships and landing craft of special form and special 
fittings for special purposes. Some of these meril 
special men lion, such as the landing ship dock, 
wikieh is a seagoing floating dock capable of 
lifting smaller craft out of the water alEogether, as 
a fioaiing dock of standard form does in harbour, 
and carrying out large lepairs at an advanced 
base; the L.S.T.* htted wnth railway lines in its 
hold, used for carrying railway rolling stock across 
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the Channel to Normandy and ddivcriag it 
rapidly lo the railways of France; and the 
L.C.T., similarly fitted, for the purpose of 
ferryin|! loeomottvcs and rolling stock across 
rivers wliere the bridges had been destroyed. 
More than 50 difierent tyises in all were used in 
the various amphibious operations that formed 
the last phases of the war in Europe : and as 
many if not more are still in use in the Padfic. 

No precise figures have yet been published of 
the total number of la ruling ships and landing 
craft built by this country, but they Ibrmed the 
great majority of the ihird category of w arships 
mentioned in the White Paper on '‘The War 
Effort of the United Kingdom/' issued last year, 
the first two being major warships" and 
'^ mosquito crafi-" The numbers built in each 
war year were : 3940, 200 ; 1941 , 314 ; 1942, m ; 
3943, 1,601; and in the first half of 1944, 907. 


But though that is the laic^hl date for which any 
definite inrormation is yet available, there is no 
itucstion of the production of landing craft 
having come to an end in June last year; on the 
contrary^ it was tlien, as these figures show, at its 
peak, and there was no slackening in the latter 
half of the year, when the demands of the armies 
on the Continent were ever-growing. Moreover, 
when those demands fell oif with the defeat of 
Germany, there was stilf the [*acific W'ar to he 
provided for^ and the part that British forces 
were taking in iL as well as the needs of oiir 
American allies. The amphibious attack w^hich 
liberated Rangoon, and the many amphibious 
operations earlier in Arakan, illustrated this ; but 
whereas in the Mediterranean and Channel 
landings the British-built landing craft were 
supplemented by a large number built in America, 
i n ihc East the revere became the case. 
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A liindins craft leaving for the ihoK of Normaady during ttic opcnidtuis foUowing D Day. 
ihe war in Europe mdre than lifty types of landing craft wcie used in the vanaui lunphibioiia 
was the L.C.A., designed lor putting ashore the first assault troops. 


During the last phases of 
operations. .Among them 
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WORK IN THE 
SHIPYARDS 

HE shjpbLiiidin^ industry was not taken 
by surprise when w'ar broke out and was 
ready lo pJay its part knrriediately ihc 
nrieno' arose. The carUer sub^dy amngefnents 
had stimulated the placing df contracts for vadous 
classes of ships for the pcaoerul operttioiis in¬ 
tended by shipowners, who had taken full advan¬ 
tage of the o^fe^s of help the Goveriimeni had 
made to them through Parliament 

By the outbreak of war coramittecsi had already 
established, in coliabdiaiion with the Admiralty, 
the Board of Trade, and the Coininiiicc of 
Imperial Defence, a broad policy which would 
secure that the availEble resources could be 
harnessed to naval demands—including the huge 
drain on skilled man-power occasioned by urgent 
repairs at the shortest notice—and additions to 
cargo-ship lonnage according to the capaciti^ 
and abUiiics of individual yards. 

There was thus no attempt to establish a 
standard ship prograinmc, as during [he 191^18 
war. blit a programme which sought to take 
advantage of individual organization with its 
consequent resJience to conflicting demands 
which could not be fully anticipated. In view of 
the many and unforeseen calls for special types 
of ships and often the seizure for naval and imli- 
lary requirements of half-built merchant ships 
which had hurriedly to be adapted to auxiliary 
aircraft-carriers and the like, the pobey was 
sound- Moreover, sometimes because of enemy 
action and sometimes for other reasons,, there was 
an incessartt conflict betwccti the hull and engine 
sides which called for modifications of Eoug-term 
pnogrammes !0 avoid such bottlenecks as might 
be created by an impending shortage of heavy 
forgines and so on. 

In the earlier days there was also the inability, 
owing to pressing Admiralty demands, of the 
larger engineering firms to provide the standard 
simplified geared turbine sets with water-tube 
boilers which were needed for the J5-knoi cargo 
liners for which there was at one time such an 
Outcry inside and outside Parliament. An even 
simpler example is the fact that, in the eirly days, 
there was such a scarcity of boilers—due also id 
urgent Admiralty calls, particuLariy for corvettes 
and escort craft generally— that many cargo ships 
had to go to sra wiihout their atmliaiy boiler. 


While this did not alTcct the propulsive cfficLerLCy, 
it meant that a main boiler had to be used in pjort 
—a step no owner would lightly contemplate 
in ships of this class in normal circumstances. 

The long succession of lean years, during which 
the industry came almost to a standstill, had left 
its mark in deiielici shipyards and the dispersal 
of workers into other trades^ if not, indeed their 
drift into permanent unemploiTnenL So, at the 
beginning of 1940, there were only 23,000 ship¬ 
yard workers available for mercantile production 
antf alihough this was increased to JSJJOO by 
June, 1941, at no time was the labour force equal 
to tbe plant and berth capacity. 

The situation was aggravated by the loss of 
skilled workers uiio the Army and Naval reserves 
and the calling up of apprentices- The older men 
had been out of work so long iMt their physique 
had deierioraicd and they were unable to stand 
up to the very strenuous exertions ordinarily 
demanded of them. Dilution, although practised 
to the utmost capacity^ brought in its train special 
difficulties in the handhng of large, heavy units 
of steel and for reiisons of safety normal produc¬ 
tion rates were slowed down in consequence. A 
steel plate weighing five tons or some of the pre¬ 
fabricated units of ] 2 tons or more, which were 
developed as the war lechnique progressed, could 
be a serious menace when dangling from cranes 
in a gale of wind- 

in the absence of the opportunities alforJed in 
the lighter engineering trades, tbe number of 
women which could be introduced into the ship- 
yards was rcEatively small, although they did 
valuable work as welders-^t this task they be¬ 
came particularly skilled—and as painters and in 
the joiners* shops, on such work as polishing, 
and in the stores- 

By 1942 the experiment was made of opening 
up 3 derelict shipyard to be run entirely with un¬ 
skilled workers. A shipyard on the Tyne which 
had been out of productioD for 12 years was 
selected. The immediate task was lo convert it 
from a wilderocssH lesling the scafldid poles for 
safetyK seeing how much machinery had not been 
borrowed for use elsewhere—if, indeed, it had 
not been “ boitow^ed ” in another sense during 
the yeiirs of neglect—and so on. It was decided 
not to attract skilled labour from existing yards, for 
k could not be spared. So an attempt was made 
to adapt American prefabricated methods to a 
smaller establishmcnLK Laid out on ttuditionally 
British shipbuilding lines, wbere work was 
crumped and there was. not the -space and broad 
area essential for the big-scale operations asso- 










Miignific^t worlt b*en done 
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GiaicJ with the nninc Df Henry Kaiser and others^ 
It was found possible to nsmiii a labour fort^ of 
some 1,500, of which about 10 per oeul were 
w^OTnen, Prefabricated units about 5Qft, long and 
^veighing up to 51 tons were asscEiibled in obscure 
inland factories, brought direct into the ship¬ 
yard by rail and there worked into the 10,300- 
ton cargo ships of which five were building 
simultaneously. 

The senices of firms used to building land 
en^nes and non-marine typjes were not easy 
to enlist as they had pressing demands frorn 
other quarters. Nevertheless, steps were taken 
to call in their help and as time went on various 
^mall firms up and down the country, and 
particularly those accustomed to steel bridge 
work, were called upon to provide prefabricUEcd 
units for tug;*^ small tankers, and various small 
craft for invasion landings. These cased the 
pressure oti the shipyardSj leaving them mote 
free to develop their resources for the larger 
types, A serious stmin, however, came on the 
labour and material supply through the excep¬ 
tionally severe North Atlantic winters, just 
wiien there had to be a more northerly routing 
of convoys to evade submarines and for the 
supphes so urgently needed at Murmansk and 
Archangel- These gales took their toll by 
increasing the heavy damage repairs towards 
which the building resources had to be diverted. 

Further complkadons arose through increasing 
demands for the defensive equipmeni of all 
ships, new and oJd^ the provision of heavy 
derricks up to 50 tons lifting capacity for all 
deep sea ships* and more accommodation for 


increased personnel, including gunners. Shortage 
of material was often severe. In the early days 
of the war steel had to be imported from Au^ 
traJia, India^ and the Uni led States. Timber 
supplies were always inadequate. The need for 
black-out precautions curtailed working hours 
in the winter, and at times men, and quite old 
n>eri, had to work and grope about on stagings 
almost in darkness and in wmter gales and snow 
under almost incredibly severe conditions. Hours 
were long and overtime included Sundays. To 
these inconveniences one might add insiaffident 
nourishment when reckoned by what these 
heavy manual workers were aocListomed Lo in 
normal times, and the general anxiety of the 
civil population. All these added their quota 
to fatigue and loss of efficiency . 

Yet, in spile of It all, the work went forward. 
The measure of naval output has not been 
announced. More is known about the mercantile 
effort and many yards and districls surpassed 
aJl their prerious best. Tliis was particularly 
noticeable in the yard.s of the North-Easi Coast 
of England which is primarily a tramp ship 
budding centre. On the River Wear most of 
the yards made new records. Thus, Joseph L, 
Thomp.son and SotiSk Limited, whose standard 
ship became the prototype for all the Liberty 
ships+ and who had established a shipbuilding 
peak in 1907 with 48.200 gross tons, turned out 
79,650 tons in 1941, 72,000 tons in 1942. and 
5Z750 ions in 3943, the drop in 1943 being due 
to two air raids. The Clyde did not lag, although 
there was a greater conreentration of naval 
activity there and because of it the labour force 
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available for merchant shipbuilding was also 
[css, adequate ihcrc ihan in other districts. 
Lilhgow's, Limited, had the highest individual 
output with 12LOOI> tors in 1941 and IQ2.500 
tons in 1942 and contributed ihe handsome 
total of 456^000 tons towards the 1,526^000 tons 
of merchant ships built on the Clyde in the full 
five years J 940-44. 

While, therefore, in the United States they 
were working up from, almost a ^ero production— 
the total output in 1923 was only 10^770 gross 
tons—to an output of nc^ly 14,000,000 tons 
gross in 1942. the British shipyards were filling 
the gaps of war requiremems of naval and 
mercantile urgent demands under conditions of 
almost incredible dif^^cult 5 ^ This policy^ of 
letting AfucriCd get on with the stral^t job of 
mass prodnetion, leaving British yards to change 
about as occasion demanded, was undoubtedly 


right, particularly as it was never sunj that 
enemy action might, not paralyse the home 
yards entirely. The wonder is not that the 
British yards seemed to do so littJe, but that 
they did so much. Centralized organi7.ation 
ami direction were so highly developed that all 
the changes could be eftected with the minimum 
disturbance of the morale of workers and 
managements^ although they could not be taken 
into the cordiiknce of those responsible for 
changing established organization overnight at 
the dictates of miJitarv expedienev. 

The full talc of our shipbuilding effort has 
yet to be told. There arc many gaps in our 
knowledge which cannot yet be revealed^ but 
enough, is known to indicate the tremendous 
efforts which were put forward by the workers 
and the broad measure of cooperation among 
tirms who. in peace years, regarded ane another 





One of a new type of fast [2,000-ton cargo ship soon afscr uomplEdoii in a BrJush shipyard. She is one of manycon- 
KEructed since w^r began and wds (Jesignrcd for the spccLil kinds of cargo which war nei^s bruughi abouL The bow? of 

anplhtr ship under ccastruction arc seen on the right. 
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as compcUtor^. Tu this musl be added the 
elficienc> of, and confidfince In, the concenLrated 
difccLion, first, through the Directoraie of 
Merchant ShipbuiJding and Rcpairi>, which wa.s 
part of the Ministry of Shipping created in 
and then^ early in 1940^ through ihc argani/atlon 
centralized at the Admiralty. This had Sir James 
Lithgow us Controller of Merchant Shipbuilding 
and Repairs and a memtier of the Board, and^ 
until recent months, Sir Amos L. Ayre as Deputy 
ControUcr and Dittcior of Merchant Ship¬ 
building, 
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MERCHANT SHIPS 
MOBILIZED 

A lthough transport was destined, to^ 
play a dominant part in the African. 
European, and Far Eastern wars, the 
British mercantile marine was utterly unprepared 
for the outbreak of hostilities in J939k and for the 
tremendous ta^ks which it was to be called upon 
to undertake. Confronted by foreign mercantile 
marines heavily subsidized by their governments 
with war purposes in view, notably the Italian and 
Japanese merchant navies^ and having to compeie 
also with mereltant fleets whose expenses, owing 
to lower Standards of livinEj;, were less^ the British 
mercantile marine for years d^lincd in numbers 
of vessels actually and m its proportion of the 
toEal volume of world shipping, while the shares 
of many other merchant fleets increased vastly. 

In Junc^ 1939^ the British merchant fleet com¬ 
prised fi,722 vessels of 17^891^000 tons gross, a 
TCductiun of LS65 ships and E.QOLOQO tons, being 
5J per cent., compared wJth the summer of 1914 t 
just before the outbreak of the first world w-ar. 
It is true that the shipping owUErd iu the British 
Dominions expanded somewhat during the 25 
years, but much of this growth rcprcsenled 
shipping wanted fnr local needs- 
ALowingn however, for all these oversea ships, 
the British mercantile marine was only shghtly 
larger in volume~by 2,3 per cent, la negligible 


increase compared w'lth the growth of other 
European merchant fleets)—and it numbered 
l J4b fewer vessels, RcmErmbcring how Lmportaint 
in war-time is the number of units, it is plain, that 
the lessons of the earlier war, when the position 
of Great Britain became critical owing to loss of 
shipping, had not been learned. 

The insufficiency of the British mircancile 
marine at the outbreak of war in 1939 would 
have been rnuch more serious if, while British 
Governments had starved the shipyards of Duval 
work, British shipping tides had not contracted 
for passenger and cargo liners of the finest types. 
Shipbuilding firms which had concentrated on 
warships had to compete for the building of 
merchant vessels, and some of the lines contracted 
for ships in advan£ 3 e of the actual current demand 
for aocommodation. These ships were built 
solely for peaceful trading. Some of (hem made 
a very few voya^s, and one or two of them none 
at all. before their fine accomniodation had to be 
tom out of them and the hulls prepared for com¬ 
missioning as merchant cruisers or as trenspons. 
Sooner or later all took active parts in the greatest 
and most beneficern uses to which sea power has 
ever been put. 

Of the reduced amount of British merehant 
shipping available in September, 1939, not ail 
could be adapted even to the transport of troops 
or could be employed in the carriage of essential 
cargoes. Owing to a gitai lack of cruisers, to a 
considerable extent the mercantile marine had to 
rely on its ow'n vessels for protection, though 
manned partly by naval officers and ratings. 
Some of the fine.st merchant ships were directed 
at once to be commissioned by the .Admiralty as 
auxihaiy^ Cruisers and to act asesooiTi to convoys. 
So there were heroic episodes like the destruction 
of the P. and O. liner Rawalpindi when, on patrol 
duty In the Norths she encounTered a heavily 
armed German warship, and the sacrihee of the 
Commonwealth I trier iervis Bay, which steamed 
to meet a battleship in the North AtlantJii:^ her 
captain knowing that she was doomed but giving 
time for llte escape of vessels in the convoy she 
had been guarding. Obviously neither of these 
ships had the $lightc.st prospect of survival when 
in the course of duties for which she was quite 
unfitted she met an enemy warship with far 
superior annament. Even ships built for the 
carriage of banana.s were fitted to act as naval 
auxiliaries. While merchant vessels were acting 
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as mukeshift \rarships^ citiisfirs^ desiroyers, cor¬ 
vettes, and friitate^ were built, and when the^ 
were completed and corrinriissioned the auxiliary 
cruisers could be readapted for trcK>ping or for 
other diriDct ^^ar purposes. 

Liners designed for the carriaEse of passengers 
in comfort transported immensely increased 
complemenLs of troops to Africa by the long 
ocean voyage by the Cape of Good Hope and so 
made practicable the driving back of the enemy 
from the approach to Egypt by the British army 
under General Wavell; they made possible the 
landing on the North African Coast which en¬ 
abled the enemy to be pressed by forces from the 
north as well as from the south and drove him to 
tjy to escape by sea ; they carried troops to Sicily 
and then to Italy, and they shared in the landings 
on the coast of Normandy in June, 1944. Par¬ 
ticularly in the landing operations in the Mediter¬ 
ranean heavy roll was laken of some of the 
finest ships in the British merchant fleet. That 
was part of the priDc which had to be paid for 
the viclories. Other passenger vessels, large and 
small, have done fine service as hospital ships. 

With the experience of the earlier German 
war in mind ihe Government and she shipping: 
indu-stry realized that in order that ships mighi be 
directed quickly to vvhalever purpose wax most 
urgent they nnist be brou^t under centrdl 
control After vessels had been wiihdrawTi by 
Lhe Admiralty from trading for direct war needs 
more and more ships were requi^iitioned for 
Government work- An early example of the 
chatiee due to the war was the necessity of 
Ordering cargo ships lo the North Atlantic route 
to load griiin in North America, since this was 
the nearest source of supply. This direction 
me^int the employment during wintry weather 
□f ships In trades for which m ordinary^ times 
they would not have been chtirtered by their 
owTicrs. The decision was symptornutic of a 
great deal that was to follow. Ships have been 
engaged in trades for which they were not designed. 
Vessels planned to cany' fruit transported cargoes 
of meat. For long periods liners never entered 
ports at which they regularly called in peace¬ 
time and they have appeared in many other parts 
of the world where previously they were never 
^n. They have acquitted themselves well in 
trades for which in ordinary times thej^ would 
have been regarded as entirely unsuitable. Par¬ 
ticularly hazardous duties included participation 
in the heroic convoys to Malta when the Mediter¬ 
ranean was infested with the enemy, and trying 


to make their way, mostly with success, m arede 
conditions, exposed to ficruc enemy attacks, to 
Northern Russia with munitions and other 
supplies urgently needed by our ally* 

All this direction was achieved, first by the 
creation of a Ministry of Shipping stafled by 
shipping officials and CiviJ servants. The vessels 
were requisitioned, and, excepting those com¬ 
missioned by the Admiralty, their management 
continued to rest with their owmers. The latter 
saw that they were properly manned and victualled 
and the Ministry decided on the work on which 
the vessels should be engaged and to what ports 
they should proceetL The Ministry worked in 
conjunction with the Ministries of Food and 
Supply and was able to plan to Mfil proprimmes 
for months ahead, always subject to the risk of 
withdrawal of tonnage for other and even more 
urgent purposes. 

The responsibility of negotiating the terms on 
which the vessels should be hired to the Govem- 
ntent rested with committees representing the 
Chamber of Shjppmg and the Liverpool Steam 
^hip Owners* Association. From the outset all 
thought of war profits was put aside. The 
principle of payment was that the operating 
expenses of the ownerships should be covered by 
the Government, and that In the terms of hire 
a proper provision for current depreciation should 
be included and also for a reasonable return upon 
capital. These latter two provisions were inter¬ 
preted as being 5 per cent, for depreciation and 
5 per cent, for interest on capital. The Govern¬ 
ment would not agree Ed include in the rates any 
allowance towards making good past arrears of 
depreciation or for building up a provision for 
replacement in future. At the same time the 
Government recognized that then predecessors in 
office during 19^9 bad found it necessary to 
forrnulare proposals for according financial 
assistance to British shipping which Purl lament 
was invited to authorize by the British Shipping 
E Assistance! Bill, 1939. The progress of this 
legislation was interrupted by the otdbreak of 
woTt ^uid the Government recorded ihcir recog¬ 
nition of the need to maintain the British rner- 
candlc niaririe in adequate strength and in u 
position of full competitive cfliciency. 

These statemenLs of the Government have 
been recorded by leaders of the shipping industry 
from time to time, particularly when they have 
been faoed with the prospect of prices for re* 
placing ships lost much in excess of the pro¬ 
vision they have made over the years for depre¬ 
ciation, together with the Tccov'ery of amounts 
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due under war insurances for vessels lost- Mean¬ 
while, the terms have been adjusicd periodically 
when it was round that working costs had risen 
above the allowances made and the maryin 
remaining was not sufficient to leave owners 
with ihe 10 per cent, for depreciation and interest 
combined which had been ^nerally recognized 
as being only moderate provision. 

In May, 1941, the MinSsio Shipping w-as 
merged into a Ministry of War Transport winch 
brought within its control aJJ forms of tnms' 
pon {except air) includini railways, roads, and 
canalSj as well as die ports. Lord Leathers was 
appointed Minister and full elfecc was then given 
to the principle Ltiai the transport of goods from 
the interior of one country until they were 
delivered where they were needed oversea w-as 
one of continuous movemcEiL The adoption 
of this principle meant the exercise, for the pur¬ 
pose of the war, of the utmost economy in service 
and Lime. The operations covered the dehvery 
□f the goods at an oversea port, their transport 
in ships forming parts of convoys, their discharge 
at ports m Europe and their loading into railway 
wagons for dispatch internally by tail or into 


lorries for movement by road. Every phase of 
transport was carefnlly watched and supervised 
in order to expedite tnutsit and avoid congestion. 
The work of cantrolling the movements of vast 
quantities of merchandise formed part of the 
fight against the enemy in his attempts lo deprive 
the country of transport. 

Other aspects of the same ffghi were the 
destruction of enemy surface vessels and sub¬ 
marines by the Mavy and the Roya! Air Force. 
The fight continued during the trying period of 
]942. through 1943, when it began to lum in 
favour of the United Nations^ and throughout 
] 944, when the United Nations had got the better 
of the enemy and immense numbers of vessels 
took part In the landings on the Conunent which 
led directly to the collapse of Germany. In 
1945 there remained the need vigorously lo carry 
on the war with Japan and, consequently, to 
adapt large numberri of vessels for service in the 
Far East, to bring food to Europe, parts of which 
were on the verge of starvation, and to carry 
immense numbers of fightmg men from the 
European battlefields to the Far East or to their 
homes. 



Prefabrication cunuLbated to the speedy building of cargo shiira during ihe war. yhvsc 
men arc working on an engine fer cure of the lO.CMXVtou cargo ships which were pfi>dace(l 

in considerable numbers. 
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liglilcr bonibei. and nnjtinnaii- 
sancc nircnifL 
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BRITISH AIRCRAFT 
CONSTRUCTION 

F or much of the 21 years bemisen the wars 
the British aircraft indualTy fought a hitler 
struggle for existeiKe, A stmdy infant in 
1914, the tiFSt world war forced its growth to 
giant sialure in the space of less than four yeare. 
At the Armistice of 191® it si^ns producing 
aeroplanes at the rate of 5,000 a month—and 
was still expanding, h'rom its faciDries poured the 
lighters and bombcpi which sustained the strongest 
air force in the world—the Royal Atr Force, 
which in two years after the last shots had I'ieen 
fired was reduced to less than a tenth of its war¬ 
time sitrengih. 

The edect on the airerafi industry of so drastic 
n rednciion in the service was aggravated by an 
unwise policy of dxspEwat of the mass of aircraft, 
aero engines, and of ihe numerous accessory 
urticlcs which make up the complete aeroplane 
and power planL These were permitted to get 
on lo the market in quantities sufficient to 
ubfiorb ull pcHst-w-dT demands, and the workent 
and sharehotderia in the industry suffered aoLord- 
ingly. Many of the accessory articles, too, were 
pur to uses fbi which they were not designed or 
intendedL and the good Wfill of the manufnciurers 
suffered. 

FIS'® years after l9tM. therefon:, the giant luid 
lost his fat and much of his essential muscle. He 
was nearly a case of malnuiritioUi It needed 
dctermination and faith la slay in the aircraft 
industry in those days, and ii is to the lasting 
credit of the industry's pioneers that they did so. 


Their country was abundantly the gainer when the 
stcnier trials of the second w^orld war began. 

For the British aircraft tcchmciariiS had not 
been idle. Year after year rhey produced the 
world’s most efheiem fighters and light bombers. 
They continued steady development of the night 
bomber, which led ultimately to the great Four- 
engined bombers of the present day^ with the 
12+OOOlb- and 22,000!b_ earthquake bombs that 
no foreign bomber can lift. They made a great 
variety of landplanes and seaplanes for army 
cooperation, for the Fl^t Air Arm. for commer¬ 
cial aviation—the tasi-mentioned group including 
the world's first targe four^ngined airliners and 
the first flDct of laiEP flying-boats. They pursued 
research and development into armament, and 
many Other branches of combat aeroplane 
development. Encouraged by a far-SEghted and 
imaginative Aar Stall, they looked aheatL For¬ 
tunately they saw more clearly and looked farther 
ahead than the men behind the Lijfiwaffe, 

The indiistry went abroad for orders. For som:: 
years—until the Royal .Air Force expansion pro¬ 
gramme began lo absorb all their efforts—British 
aircraft and associaied manufacturers led (he 
world’s air export trade. Much of the profits of 
that hardly won trade was ploughed back in the 
form of new reseamh equipment at ihe factories, 
and new plant, thereby accelerating the advance 
of the art and bringing rich technical harvest 
when the need was greatest. 

The upward trend to mixl the resurgent 
demarLds of die growing Royal Air Force began, 
though but slowly, in 1955. U is one measure 
of the Unmensiiy of the industry ’s effort that in 
the ensuing eight years the labour force employed 
by British airtralt firms ip-ew by more than 4,000 
per cent-, to a peak ^ly in 1944 of no fewer than 
L 82 3,000 men and womsn. 
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Major factoxs tn this siupcrntous achievement 
were the sImiJow factory scheme and the group 
system of production. Originated in 1936 by 
Lord Swimon, then Secretiijy of State for Air, 
the " shadow " scheme was a powerful medium 
for the introduction to uirtrafT and aeroengine 
manufactuic of companies engaged in other 
indiLStries, notably at llrst in the motor’^rdr 
industry and later In others. 

Concurrently with the hcgannmgs of the 

shadow *■ scheme, a few^ large eng^ineerinE con¬ 
cerns, mostly frmii the electrical and shipbuilding 
industries, entered the field of aircraft manU' 
Factuie. This movement, at first a trickle, became 
a mighty stream with the inomiriEncc of war. It 
may be regarded as the direct forerunner of the 
“ group sysidii which, to mcniion three matn 
npemtional types alone, has been applied to the 
manufacture of heavy bombers, fighters, and 
torpedo-twmbcis. 

The workitig of the scheme is admirably exem¬ 
plified in the production of the Halifax heavy 
bomber. The parent dtisign company had the co¬ 
operation of four main contractors—one a 
company In the aircraft indasiry itself; another 
a motor-car manufacturer who had been in 
charge of a shadow’^* factory since 1936 ; the 
third an electrical coivccm which began aircraft 
manufactun: in 1937 ; the fourth a ” group 
within ihe group," under the management of the 
London Passenger Transport Board. 

Each of the four contractors built entire air¬ 
craft. in the case of the group within the group 
mEmufacturing processes were divided among the 
firms which made it up—one built centre sections, 
another front fuscluge?i, another rar fui^lage^, 
while another construe led llye complete tail unit. 

A great rtspotisibiUty fell on the parent com¬ 
pany. Early in 1940 it formed a special dcparl- 
ment called the Outside Production Office, which 
had to deal not only with the group but also with 


repairs to the company’s aircTufi in Oreai Britain 
and Canadu. This " 0,P.0_" arranged facilities 
at Ihc parent company's main factory' for the 
training of key workers from the group plants in 
produeno-n methods and inspection, 11 supplied 
technical information^ including copies of air¬ 
frame drawings, drawing modifications, and 
amendriKHt sJieets, component schedules of 
pans, lists of material requirements, and amend¬ 
ments corresponding to modiJicaiKons^ and plan¬ 
ning operation sheets, ft aJso dijccicd ihe supply 
of templates, sample parts, and componcdis for 
use in the preparation of jigs and tools. It 
supplied informaiioD end drawings for all jigs 
and tools and main assembly Jigs. It helped the 
" daughter " fums in conrve>:ion with drawings, 
materialSp and nvethods of manufaciure. It 
advi^ktd and gave technical approval on repairs 
and, w'hene possiblrg approved pail5 w^hich were 
not to drawing and might otherwise have hwa 
scrapped—which entailed numerous visits by 
technical staff"to the " daughter ” finm& and much 
close liaison work. 

In shorty the parent company acted as the con¬ 
sulting engineer for the group, with the main 
responsibility of proving the jigs, settling the 
manufaciuring layout, and placing its experience 
unreservedly at the disposal of its daughters. 

Similarly, Dentralization was the keynote for 
the supply of n^aterlals. Each company rtiurned 
to a central office a list of all shonages as 
against the “ target " requirements. Each conv 
pimy’s needs for ^embodiment ioaii"’ and pro¬ 
prietary articles were similarly Lisied, and ad¬ 
justed month by month to show the delivery 
position to date. A network of conuniiiccs and 
sub-eommiiiccs, whkh cahed w here necessary on 
the coaperatfon of Ministry' officials, coiTelatcd 
major changes in production programmes, 
materials, ^d embodiment loan difficuElies, 
and problems of supply which needed adjust- 


TJie Meteor, the R.A.F. jes- 
propelled fleiuei* aircraff. This 
vngic-seat ti poweltd bj 

two gas jei turbine W^LIoucf or 
Derwent engines.. Ii was used 
against flyrng-bombs in iy^44. 
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n>ent wlthiJi ihe ErDiJi>+ or additional demands on 
athcf manufacturers^ Spares require meDts^ 
altocaicil by ihcO-P.O., wereaJso interlinked by a 
special committee. 

The design company's local t^dmical coni’ 
mitiee inei fncquently lo dtscwss changes^nceded 

lo give improveinents in perrormapee or to meet 
changing problems of the tir war. 

That w^s the ^neral scheme of things far the 
production of the migiiiy armada of heavy 
bombers. The set-up was duplicated For the pro¬ 
duction of other types of adrciaft, though with 
that flotibility which is characteristic of British 
industry, it was modified in del ail to suit the 
differing conditions of production. 

The men who flew the aeroplanes could depend 
on th* industry always to adapt itself to new con¬ 
ditions and new methods of warfare as they arose. 
Moreover, the industry's technical de\^lopment 
and design TTiarchcti always in liaimony with Air 
Statf policy, producing first the fighters whose 
heavy atmairiEnt and protective amtemr contri¬ 
buted so much to the defeat of the in 

(940, and later rolling out in ever-mcreaslng 
numbers the gnea^ four-engined hombers needed 
to pound Gennan industry into the dust. As 
long ago as iy:i6 ihe Air Staff adopted the policy 
of stepping up the destructive power of the 
individual aeroplane b\- increasing its size and 
the weight and dcsiructivEncss of ihc bombs it 
could cany. So doine. they ccoQomized in air¬ 
crew man power, eltminaicd congestion at air- 
fidds. and enabled ■"saturation" mids to be 
made in tremendous strength culminating in 
snch raids as dial on Essen in the spring 
of 1945. when no less than 5,000 tons of bombs 
were dropped in approAiiJiatfily 20 minutes. 
During the last full year of tlie tear—1944— 
Bomber Command alone dropped on mtiiiaiy 
objectives 525,000 tons of bombs. These bombs, 
carried for the most part in Lancaster and Halifax 
heavy bombers, aggregated more than twice the 
total weight of bombs dropped in the first four 
and a quarter years of the war. This, of course, 
did not represent the complete British bombing 
effort. The Spitfire, Tempest, Typhoon, Hurricane 
and other singie-seiit fighici^ of R.A.F. Fightcf 
Command made extensive fighter-bomber attacks 


on enemy concentiations. Also there was the 
great activity of the Coastal Command, Fleet Air 
Arm. and the Tactical and Sirdtegic Air Forces, 

This extensive bombing plan was based on the 
belief that the Nazi nulilary indnslrial output 
could be broken by large-scale bombing attacks 
and that British ingenniiy could devise methods 
whereby night attacks could be made without 
recourse to the w-xstage inseparable from indis¬ 
criminate bombing. 

Events pro^'ed the soundness oF this belief. 
As the war progressed and the four-engined 
bombers planned in 1936 became operational, so 
the scope and range of the night bombing otlensi ve 
grew more intense and more exact. To the de¬ 
structive powers of huge boinb^ wcighine 4,000, 
a,000* I2,PQ0, and finally 22,000 lb-, was added 
the simpblicatlon of target location made possible 
by the use of pathfindErs. who marked the 
objective with flares, and laicr by the introduction 
of the master bomber, who dirccled the attack on 
the spoL 

By these methods and with the help of scientific 
instruments devised by British scientists it was 
possible for Bomber Command, on occasion, to 
concentrate upon a single target a force of more 
than a thou-^nd aircraft and lo deliver an attack 
with a force of this size In less than half an hour. 

,4lthou^ the methods adopted lightened the 
task of individutd aircrews in locating the lar^ls, 
they did not sanction any reduction in live quality 
of the airtiaft, in the elaborateness of their 
equipment, or in the competence of their crews. 
Each bomber was a complete unit in itself^ 
equipped with every essccitial mstrument and 
armed for its own protection Navigation to and 
from the target area femained an individual 
responsibility, as did the release of each bomb- 
The self-sufficiency of these heavy British bom bers 
was often proper!. Sometimes one would become 
parted from the main fome^ but unless a serious 
defect forced a return the crew would go on lo 
bomb atone, knowing that they would expose 
themselves to the coaoentrated attentioo of the 
enemy^s dcFcnces. The utter devastation of 
Germany's induslrial centres is proof enough of 
the wisdom of this policy. 

But the history of Great Britain'^s bombing 
policy goes farther back than this. In I91S, when 
the Royal Air Force was rounded, British itrate- 
gists e.xpresscd their recognition of the fact that 
successful bombing demanded the big bomber 
able 10 carry bag bombs. The first British twin- 
engined ■'heavy" bomber wns in design and 
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Th*- Lfliieastcr bDHiber. one pf group of ihrcc four-tngiiied aiicrari — Lancaster, and Stirling—which iravc a 

nt^wfme^inEng io stnitccnc bombing- Lancasicri were used on of the biggest and most importiint attack? on industrial 

Gcrmiin>. 


protIuetiOD in \ 9 \ 5 . Fleets of these tiircrafi did 
valuable work and initiated strategic bombing 
with the Independent Air Force in the later 
phascii or the 1914-1^ wan When the Armiitice 
was signed in (9S^, their snccessoni-four- 
engjned biplanes^ weigh!ng, fidfy loaded^ nearly 
15 tons, and designed to carry T,OOOIb. of bombs 
IQ Berlin—^wene waiting for the order to attack 
the German capital. 

Rundstedt has stated that the biggest single 
reason w by Gemtany Inst the w^Tr was the strategic 
bombing by the Britisb and American Air Forces 
which paralysed the German war machine. 
Kessclring provided corroborative testimony. He 
ascribed Germanydefeat to:—tiJ Strategic 
bombing of communicattons behind the lines; 
{21 fighter-bomber attacks: and (S) bombing of 
the German war industries. 

Althougli in 1936 specifications of a new fleet 
of strategic bombers were drawn up and design 
and constmciion pul in ha^d^ nol one of these 
new types was ready for squadron service when 
war began in 1939, The initial attacks on 
Germany were therefore made by twin-engined 
Wellingtons, \S^iicys, and Hampdctis. 

By 1941 the factories had been geared for 
high-speed production and the new four-engined 
bombers—Halifax, Lancaster, and Stirling— 


were soon giving a new nieoniog to strategic 
bombing. 

Bnr even this did not satisfy the Air Council 
or the industry. British detemimaison to bomb 
the enemy with every available weapon and the 
unfolding of a new technique of low-Jevel 
** precision aitack led to the introductiDo of 
the imamied twin-cnginedi Mosquito bomber^ 
which delivered 4,t50Olb. boml^ over long ranges 
at fighter speed—more than 100 mfles ooi hour 
faster than standard American four-engined 
bombers eajfrying approximately the same bomb- 
load. 

The Mosquito has proved a splendid example 
of the flexibility of the British aircraft industry. 
Built as a bomber. il laier became a recern- 
naissaoce aircraft, target marker^ day and night 
fighter, fighier-bombcr, U-boat hunicr, and fast 
transport. Its prowess—the proof of the wisdom 
of its designers -may be seen in the fact that in 
the finaJ J6 consecutive night bombings of 
Berlin Mosquito losses, in thousands of sorties, 
were about one-half of 1 per ceni. 

An important section of the aircraft kidustry 
in war-tinie has been cancerned with repair, 
Aircrafi face many hazards, apart from enemy 
gunhre and bombs. Weather and landing on 
iniprovised airfields and the disadvantage of 
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their ha^lrrg to be ii^cd by inexperienc'ed aircrews 
in the early stages of training all help to make 
heavy casualty lists of the aeroplanes ihcmsclves. 
Steps were taken Ip provide for repair?* 
however heavy they might be^ for every aircraft 
repaired was equivalent lo a like increase in 
output, louring one year alone 18,000 aircraft 
underwent major repair and w^ere returned to 
the combat lisT. Up to the middle of 1944 60,000 
aircraft were repaired after major damage and 
returned to full servke in an average time of 
eight weeks an aircraft. The Civil Repair Organi¬ 
zation enfjpJoyed Tens of thousands of workers- 
Briiish manufacturers faced a host of dlOi- 
culties—many of them unshared by our American 
allies in their own miignificcnt production effort— 
III trying to sicp up output to an unprecedented 
krvcl. There was the hlack-out and its accom¬ 
panying irritations—screening of factory windows 
and hindrance to tiansportatioTi. There were 
labour problems galore—^thousands of workers 
needed by every main conductor for every 


100 employed before 1935. There was the intro- 
ductian of women into the industry and the 
necessary instroctional courses. Men and 
women—From the schoolroom and the office, 
from the farm and the departmental store— 
had to be traEncd to do what up to then w^re 
regarded as highly specialized jobs. Not the 
least of the industry's handicaps was the dispersal 
of its production, which was rightly insisted 
upon by the Ooverneneot to prevent serious 
damage by air attack. 

The growth of the aircraft industry during 
the war can perhaps best be Illustrated by taking 
one of the principal companies, which in January, 
I9JS, consisted of a single organization of three 
separate factories under one control and all 
in the same area, one small sheet-metal unit 
near by^ two elementary flying training schools 
and one navigation and wireless school. By 
1943 the company’s organizarion w-as in four 
separately managed divisions, the difTeirnt 
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estabUshmcnw totalled 150 and the namber 
of employees had increased elevenfold:. 

Takifig the industry as a whole, the total 
number of estabJishrrwnts in which the work of 
19 leading aircral't and aero-engine companies 
was carried on was 53 at the beginnini of 1938. 
By January, 1945^ this number had grown to 
473f the estabjishments being scattered ail over 
the country. Moreover, the figure of 473 covered 
only establishments empJoying more than lUD 
workers. The actufl! number oF nnits was much 
larger. 

One group of companies alone at its peak 
employed more than 100,000 men and women 
The group’s output represented some 30 per 
cent, of aH the aircraft suppJled lo the R.A.F. 
from British factories during the war against 
Germany, It turned out 40,0(^t9 aeroplanes oF 
various types and 38,564 aero-engines, as well 
as 6,774 lank giear-hoses and 11,883 torpedo 
engines. In addition, it repaired and returned to 
service lUOlO aiicraft and 9,777 aero-engines. 
The group’s products included such famous 
fighters as the Hurricane. Typhoon, and Tempest; 
die Lancaster heavy bomter and its still bigger 
brother, the Lincoln. The i^amc group also 
provided the airfranie for The first British-made 
jet-propelled fighter, the E37/39, from which the 
Meteor, the first allied jet-propelled fighter to 
go into acdon, was developed. 

The development of the gas turbine is another 
branch of aemnaudcal science in which the 
British industry ted the world. Both Britain 
and the United Siaies have bcnetiied from ihe 
pioneer work which Group Captain I now Atr 
Commodore) Frank Whittle undenook in per¬ 
fecting a gas turbine. More recently a British 
company has produced the jet-propelled Varti- 
pire, for which ii also made The engines, w^hilc 
two other companjes have announced that ilTev' 
arc developing gas turbine '"jet" engines. 

The priiKipal manufacturers in the aircraft 
industry had to design their new raciorics and 
took charge of the biiUding of them. The 
industry was al&o faced with the new and imporl- 
ant responsibility of snpeiwising ihe sub¬ 
contracting of job.s to thousands of companies 
w'hich had never before had any esperience in 
the aircraft induilry. 

It was in lurgE measure the devclopmcnL 
of the shadow factories which helped to drive 
the out of the skies. But there were 

other factors—the oulstandlritg technical advance 
made in this country, the adaptability and 
fieTdbility of the British industry to meet cs^eiy 


need. Hurricanes and Spitfires, now nearly 10 
years old ta good age for an aeroplane), advanced 
in speedy fire-power, and manoeuvrability as the 
menace to our shores became greater; the 
Lancaster and the Halifax carried bigger aiid si 111 
bigger bomb loads; the Mosquito was devised 
to bomb and cv'ade its httackers merely by its 
speed. There are many examples oJ' this flexibility 
in the war-time development of the British air¬ 
craft industry. Always, in every emergency^ the 
designers and builders got togcLher to pr^ucc 
something to meet it. 

Few of the main manufacturers escaped war 
damage in some way or another. German raiders 
early in the war, whether by design or chaIlce.^ 
dropped their loads on or near several of our 
leading aeroplane factories. Btu improvisatioiK 
and flexibility were the watchwords and the 
industry did not allow damage to factories to 
alTecI their output unduly. 

There is another important aspect of the air 
production picture* Qn the technical side^ 
whether it be in connexion with airciaft, aero-' 
engines, airscrews, or other components. Great 
Britain has long led the way. So she did even 
when the cr>^ was for more and more aeroplanes, 
when one would think that the quantity of the 
existing types was more important than striving 
for new things. But not so. Take, for example, 
aero-engine sparking plugs. 

Before the war began it appeared that the 
aero-engine had, Eechnjcally, outpaced its plug. 
So research for the purpose of solving plug 
troubles arising from the use of higher operating 
temperatures and pressures and the intro¬ 
duction of chemically treated fuels was begun. 
The chief difficulty was to find a satisfactory 
instilaiing nmitcrial to replace mica. 

Electrical porcelain and steatite were found 
to have good insulating qualities,^ but fell short 
of the standard required. Then the scientists 
began a study resulting in the discovery of a new 
insulator which has an electrical resistance, when 
hot, a million times greater, and a capacity to 
dissipate heat 30 times greater, [han clecLTicul 
porcelain. 

Perhaps the greatest tnbute to Britain's 
supremacy in this field was paid by PresidenL 
Roosevelt. In rtfrmDg to a British sparking 
plug b the last Lend-Lease Report to Congress 
before his death, he stated :— 

“ . . . fi has a life from four to five times as loag 
a standard aeruplane ^patk plug. , . , i^inoe 194.^ 
virtually every Flying Fortress has taken off from 
British bases with ificse plugs in each of its four engines. 








Thd lie HiivOIaaij Mosqullo which was used with gitfll clTccl i^i ihc tonsiE&tcni niyhi bomhing of ScrUn, It was used os 
bomber, rceoiintussancc Bircmri, target ntaj-Jeer^ day and night Qghief^ figJiier-bomber, U-^hoaL hanlef^ and fast InLaspnrL 


[| would bo impossible to esfirnatc how many 
ibousEinds United Stales bomber crews may since ihen 
have owed ihch lives to ihese plugs. . .. 

... The British made av'ailabJe to the United 
SLates all the formulae, designs, nod production 
le-chnlque involved in thU ptug, and Chinese copied 
of it arc DOW being mas^-produeed in the United 
States to meet oar operational needs in theatres all 
oi-er the World." 

Then there was, of ooursc, the question of 
supplies of raw maierials. This problem wa5 
n real one for the industty. As the U-boat 
warfare became more inteiisc and ships were 
lost wheo on their way to Great Britain with 
precious cargoes, the aircmfi manufacturers 
had to look to other satircics df supply and to 
cornpramise with materials conveniently availahJe 
in iMs country. 

This oflen required research to meet a crisis. 
Here is an example of the study and rtscajch 
into technical matters which British industry 
undenook during the lean years between the 
wars : an alloy, developed as Jong ago as 19^7, 
to fufil the requirements for castings for a partU 
cularly highly stressed aert>engine, is still in 
service. This alloy has been modihed rrom lime 
to lime, but it still saiiafies both the cDgineers 
as regards its perfonnanDe in high output engines 
and the foundry production engineers and 
metailurgisLs jn its suitability for the production 


of sand^ die, and pressure die casts in high- 
quantity production. It ps a tribute to the 
inventors of this alloy and to those cnlru^hted 
with iis subsequent development that when 
manufaciune of a particular aero-engine was 
undertaken in the United States daring the war 
attempts lo replace this ahoy with one of more 
modem development were unsuccessful- 

Before the war the output in Great Britain 
of aluminium castings averaged about 10,000 
ions yearly. By 1944 annual production had 
reached 65,000 tons. The Facrease ip production 
of magnesium castings was even more spectacular 
—from 400 tons in 1936 to 23.000 tons in 1943. 

Official recognition of the enterprise of the 
aircraft and iis assenziated industries lias been 
generous. Only recently the report of the Govern¬ 
ment's Select Coinmittcc on National Expenditure 
criticized wustefnJ expenditure, due largely to 
sEarvatiun of research between the w'ars, and 
paid great tribute lo the aircraft industry of this 
country. 

In spile of disabUities. the report states, 
excellent results were in many instances ultimately 
achieved by ingenious and sensible improvisations 
and by the unremittieg work of innumentble 
Individuals and organizations in lienee, industryp 
and the public service. .\s an example, the 
report dtes the results that Bowed from the 
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pro^'Ution of active research during the years 
befori; the war in the development of the Hiirri- 
cane and the Spithre, which had already, by the 
outbreak of war, been brought to a stale when Ehcy 
could be pkit into immed iate production. The report 
adds: WhRi the possession of these aircraft, de* 
veloped on the initiative of the aiitraft industry» 
meant to this country is a matter of hLstoiy." 

Such testimony hiis been corroborated many 
times. Lord Beaverbrook, the first Minister of 
Aircraft Production, stated: ‘"We have nothiag 
to be [Lshamed of in Great Britain in regard to 
the British aircraft industry. There is no superior 
aLTcraft industry in ihe world—I would almost 
say no rival." Moreover, Lord Beavcrbriook, 
in the same speech m the House of Lords, 
showed that it was private enterpnse—the 
enterprise of the aircraft fiims-^ which brought 
about this superiority. He said:— 

Aircraft of the Fkel Air Ann and all other types 
of aircraft depend for quality on the hrms producing 
ibcni, Heginnine. with the design of the aincran— 
[he respunsibility of the firm prevails there. The 
work of the firm is almost invariably a private veuiure ' 
the design is a private venture^ pui forward by private 
eaterprisc, by private capital. The indiividua] respou’- 
sibility fur [he design of the aircraA aud for dcvxlop' 
mcri of it prevails completely not only in the Spilflre. 
which was designed by Mitchell and produerd by 
Vickers-Supennarinc, but in the Hntricaiie, designed 
by Camin and produced by Hawkers. In fact, raw 
materials were provided for fOOO Hurricanes by the 
Hawker firm without any order from the Ministry 
at all. The Hawker firm bad to ea mul get the 
authority for ordcrinE the raw maiefLal after the 
purchases had been miide. The some argument 
apphes to the Lancaster and the Mosquito. . . . 

It i$ true the Ministty issues the specification, 
but that specification is sometimn reiected tind 
frequetiily amended by the firm—uyiially improved. 
In the case both of ihc Spitfire aod the Hurricane— 
both great acroplane^^—the design that was produced 
by the Urm did not at all resemble the specification 
l^ued by the Air Ministry. . 

hngjue design is entirely in ihc hands pf the firm. 
The Mjjiistry ha^ no TcLatinn to engine design at ail. 
The Ereai Merlin engine is designed by Hives and 
he is respoorible for it; the Bristol wa^ designed by 
Sir Roy Fedden, backed up by Eood men—and I 
believe Bristol to be a good company, . , - Ahhough 
the Minisiry is consulted, and alihpugh the Ministry 
gives advice, tbc ioh upon the ii^pacity and the 
indusliy of the engine firm and the aircraft firm. . . . 
The shareholders took the risk of producing proto¬ 
types The shareholdeis, therefore, have to be given 
some of the erklit for produdion of the craft that 
won the Battle of Britain and for production of the 
crafi which are bombing Berlin to-day—types that 
are greatly admired in the Umlcd States uT America. 
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RAILWAYS AT WAR 

T he war history of the BritMi Railways is 
rich in iiuportani results for the allied 
cause. The penpective is not, however, 
the six years of continuous work during the war 
itself, for soon after the dose of the war of 1914- IS 
discussions began between various Govemment 
Departments and ihe railways on particLiLir 
emergency arrangements in the event of another 
war. In the middle thirties detailed plans began 
to be made ; it was then decided that, should there 
be a major war in Europe, Govcrimieni control 
of the railways would be necessary, as they would 
be needed to secure the mainccnanoe of supplies 
and services essential to the communiiy in time 
of war. 

While these plans were in the making, tiornial 
work had, of course, to be carried on, and it is 
important to appreciate thai this normal w'ork, 
which to a large extent continued during the war, 
is in itself a formidable task. It entails the running 
of abotii 65,000 trains of all kmds every day, and 
during the war this number has been increased to 
over 70,000 dai ly by the addition of special trains, 
mainly for Service requirenients- 
It has to be remembcricd that the method.^ a 
railwayman uses are much the same in pcsicc or 
war. His is not a job for the amateur ; it requires 
the specialized training of a working life, and it 
cannot be picked up in the course of a year or 
two, particularly in Ihe stress of a great war. 
This is the reason why, during iMs war as in the 
last, the actual operation of the railways has 
wisely been left in the hands of those nomiaSly 
responsible for running them, and they, in turn, 
have provided the backbone of the transport 
needs of [he fighting services- 
Thfi job of transport, io peace or war, goes on 
steadily throughout the 14 hours of every day^ 
seven days of the week. Even after the end of 
the war in Europe, there was no respite; indeed, 
in many ways work was Entcnsitied to overtake 
the arrears that had piled up. It is in this way 
that the contribution of the railways to the w-ar 
effprt should be visualized. The regular move¬ 
ment of passengers and freight the daily 

task of transporting millions of people into and 
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out of the cities and tovitis throughout the 
counlryj is affccicd by the special prioriiy move¬ 
ments. which have lo be lined into the Row' with 
the least possible interference, and in this category 
arc the spectacular events of the w-ar. such as 
Dunkirk ^^IqLairing 620 special trains), ihe North 
African Hspedition U.500 special trains), D-Day 
(24,500 special trains). Some idea of the mag¬ 
nitude of the task can be seen from the fact that 
in the last fuH year of the v^ar, i,?,, 1944, the main 
line railways ran 3,000 passenger miles per 
second and 300 freight ton miles per second 
throughout the year. 

The equipment at the disposal of the railways 
to deal with this huge traflic was severely cur¬ 
tailed. The railway workshops w-crc busily 
engaged in the production of munitions, and this 
put a bmke on the construciion and repair o1 
locomotive?! and rolling stock; moreover, there 
were substantial transfers abroad of even what 
was available. The effective n Limber of locomoti ves 
available to the railways from Sep [ember. 1939^ 
to the spring of 1943 never exceeded by more than 
J per cent, the number available immediately 
before the war; thereafter^ as the Government 
temporarily made available locomotives built in 
Britain and America for service abroad, the 
number rose slowly to reach a peak in July, 1944. 
of 3 per cent, above pre-war, after which date it 
fell as the locomotives were sent !0 the 
Continent. 

The railway tr^ck has stood up to war traffics 
far better this time than in 3 914-18. although 
arrears of maintenancE now represent over a 
year's work. This will, of course, take a much 
longer period of time than a year to overtake in 
addition to current wastage, as most of it requires 
occupation of The track by the engineers between 
the passage of trains. The main reason why 
train speeds have not had to he restricted because 
of the condition of the track is the careful pre¬ 
paratory work which was done in the pre-war 
period. No fewer than 31.000 miles (Le., three- 
quarters of the track) were completely renewed, 
and altogether £170.000.000 was spent on track 
modernisation and re-equipment. There were 
also considerable advances in engineering and 
metallurgy, which increased the wear of the rails. 
Two promising track developments are the use of 
flat-bottom rails and concrete sleepers ; the former, 
particularly, shows signs of leading to improve¬ 
ment in mainteiiant^- 

Spacc permits only this brief mention of the 
continual Struggle which the managements had 


to gel and maiiitain the tools to do the greatest 
job in the history of railways. It is now necessary 
to trace the course of events as the war pro¬ 
ceeded. Before 1939, the pteparatlon^ in the 
event of war had to be made in great secrecy 
and while normal business was carried on. 
The only indication in this period to the observant 
eye was the accumulation of maierials and the 
erection of structures which could not be hidden. 
New passenger time-tables were compiled, and 
alternative plans were made for the diversion 
of freight to meet new conditions, such as diver¬ 
sions of shipping from one coast to another. 
Much of the work was precantianary, as no one 
knew how the war would develop. Consideration 
had to be given to the effect of air raids, and new 
regulations were made for the safe working 
of the railw ays under possible war conditions. 

A week before war was declared the pre- 
liminaiy stages tn the changeover from peace 
to war were set in motion. Then, on September ri 
1939, the Minister of War Transport took 
control of the railways, and the railway executive 
commiiicc Was appointed to act as the Ministers 
agents for the purpose of giving directions to 
the companies, and, subject to such directions, 
the railways were instructed to carry^ on as 
usual. The cmergeucy passenger lime-table 
was intrcHiuced, involving a sevTre Cunailmcnt 
of normal semces; after a few week.s people 
began to move about again, and services and 
speeds were increased. 

The mobilization of the Forces lasted over 
three weeks and required some hundreds of 
special trains. Railway slafis were dispersed 
to emergency' offices in areas considered less 
vulnerable to air attack. The evacuation of the 
civilian population from London and provincial 
cities involved nearly 4,000 special trains. The 
art treasures had to be moved to safe places 
in the country from the National Gailcry* 
British Museum, Tate Gallery, and Westminster 
Abbey; this required specialized planning. 

From the beginning of the war the bJack-ont 
was a serious handicap. Normally the aim Ls 
to create artiheiaJ tight at night as near to daylight 
as possible, and the restrictions were probably 
the most serious single factor with which the 
railways had to deal; for example, during one 
month of the air raids in 1940 the lights in the 
London marshalling yards had to be totally 
extinguished for three-quarters of the total 
hours of darkness. Anyone who has seen a 
railway marshalling yard at night will know 


96 


RAILWAY-^ AT WAR 


Vital ih»l ineanii. On top of all this came ihc 
abnormally bad winter wcaiher. The first winter 
was file worst; lines were blocked with snow 
Tor long periods; frost slowed everythinf op. 
Even couplings and the lubricants in the axle- 
boxes froze; coal froze hard En the wagons 
and had to be hacked out. When tlie ihaw^ 
came it brought landslides and floods. 

Meanwhile, railway freigfU traffic increased 
sharply and a major problem was created by 
the changes In Its flow. Air warfare and the 
threat of invasion caused the west coast ports 
lo be used for practically all the long and medium, 
distance sea traffic ; the convoy system often 
resulted in acute congestion, as the sudden 
accumulations of traffic exceeded the clearance 
capacity. Further, the dispersal of industry 
throughout the country and the establishment 
of war factories often threw a heavy burden 
on railway facilities designed to deal with 
industrial peak requirements; extension schemes 
had to be introduced at many points. 

Examples of particular traffics may be given. 
The railways relieved the coastwise services of 
vast tonnages of coaE normally sent by sea from 
the Scottish, Mortb-East Eoast+ Midland^ and 
South Wales coalticlds ; the import of iron ore 
largely ceased and the consequent large-scale 
expansion of home production placed heavy 
demands on rail transport, particularly from the 
counties of Northampton^ Oxford, Rutland, and 
Lincoln ; enormous quantities of petroleum were 
conveyed by rail until the main pipe-line system 
came into use towards the end of 1^1 and eased 
the west to east rafi movement; stores for the 
American Axmy grew^ rapidly from the summer of 
1942^ and from about file same time muteriaE 
had to be transported in great bulk for the con¬ 
struction of nearly 150 airfields in East Anglia ; 
explosives, requiring special handling, were 
regularly conveyed all over the country. 

Military traffic never ceased after the first 
mobilization of the Forces in 19^9. The convey^ 
ance of men lo the Forces, Army and Air Force 
postings, the conveyance of troops to the ports 
for service oversea-^such movements follow^ed 
swiftly. Then came the evacuation from Frams 
and the consequent movements to defence stations 
in Britain and Northern Ireland. Contingents 
arrived from oversea^ mainly at the Clyde and 
Liverpool, and often alieraitons in the times and 
ports of arrival of convoys played h'dVQC with the 
special timc-lahJcs and concentrations of trains 
and staff that had been made in advance. 


Thera was constant redistribution of troops 
and internal transport between training establish¬ 
ments. Leave traffic created a problem of it's 
own, as also did milltary^ manoeuvres and 
prisoners of war. Formations equipped with 
armoured figliting vehicles had to be moved about 
the country, and, of course, there was a constant 
How of ammuniLion, tanks, and stores. The total 
number of special trains solcrly with Service per¬ 
sonnel and stores between September, 1939, and 
MaVn 1945^ vras 451+765. 

Naturally, this superimposed traffic affected 
thie passenger service for civilians, although large 
numbers of addiiJonal trains were required to con¬ 
vey people to and from munition factories. The 
ordinary train service had to be reduced to about 
two-thirds of what it was before the war, and 
consequently the loading of the trains that re¬ 
mained was doubled to accommodate the tn- 
creased traffic. Restaurant cars came off and 
sleeping cars were restricted^ but no schente was 
introduced for raiioning civilian passenger travel. 
There were some who thought this could have 
been done so as to make travel less irksome to 
those who required to take rail journeys for 
r^sons of business or health. 

Railway fares and freight charges were in- 
creased by 10 per cent, in May. 1940, and, 
except in the case of workmcn^s fares and season 
ticket rales, by a further 6^ percent, in December 
of the same year. Reduced fares, other than 
monlhiy return fares, were suspended at the out¬ 
break of war or later, and fir^it-class travel was 
withdrawn from the London suburban services 
in October, 194J. From 1941 all Goverrimcot 
freight traffic was? charged at flat rates per ton^ 
and laier similar arrangements were adopted for 
merchandise by passenger train. 

Looking back^ the main impression one has is 
of a great organization spread over the counuy. 
controlled to n large c.xtcni by a marvellous inter¬ 
communication system, and successfully meeting 
the unprccedcnlcii and changing demands made 
upon it, either by careful advance planning or 
individual initiative on the spot- The railways 
fulfilled their obligations lo the nation in full 
measure. They paid a heavy price, not |ea.st in 
the I6,TO0 rail way men who became casualties 
when doing their duty. Perhaps symbolic of them 
all w'as Lord Stamp, then chairman of the Rail¬ 
way CompaniesVAssociat Eon, who at the crisis of 
the war and during the period of greatest strain 
on the railways, went one night straight from his 
desk to his home, there to be killed by Hificris 
murderous hand. 
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One 0 r 3 50 foctJitioiivcs of 2-l'l>^ 
i^pe dGsi^ed imit built t]iie 
Noitli Briiisti Lucamotive CtJfn- 
panv fo^ War Deparunieiit service. 
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LOCOMOTIVE BUILDING 

T he British locDmotivE building indaslrVr 
now returning mcreaslngly to the produc¬ 
tion of locomotive for pcace-iiinc U5C, 
W 33 heavily enga^d on the majiufacturc of 
various t^^pcs of armamcni for over six years. 
When war became Lneviuible ft was one of the 
first of Great Britain's lieavy engineering 
industries to be mobilired Tor the production 
of muniiiorts. Its plant and equipment were 
such that it could be conv'crted readily lo the 
natioimU effort, and for the firet two yTcars of 
the war the greater part of the capacity of the 
industry was engaged in the manufacture of 
direct w’ar requijemeuls of all kinds. 

The war products or which the indusiJ^^ 
concentrated covered a wide field ; they Lticiuded 
a variety of tanks^ notably the Matilda and the 
CTimchilJ^ shells anti bombs of various calibres, 
ntitnerous types of guns and gun mountings, 
torpedo parts^ practice Foadieg sets, landing 
craft, prefabricated components for aircraft, 
and various important devices which did much 
to hasten vklory'. 

By the auiumn of 1942 it became apparent 
that the locomotive was as much a weapon of 
■w^str and as important as rtiany kinds of UTmament. 
The earliest possible delivery of locomotives of a 
variety of fyp« became increasingly urgentp 
for use both in the theatres of war and for the 
movement of essential raw’ materials and suppl ies 
in countries far distant from the battle 20Ues, 
1‘his demand from all over the world for trans¬ 


port was so pressing that it became nticcssaiy 
to reconvert a large part of the incluslry*s works 
to the production of locomotives, which had 
become of lirst-class war priority. 

In all the industryp in addition to Its vast 
production of genflul armamentaj has built 
over 2,500 loconiotivies of nearly 50 different 
types for direct war purposes, many of them 
of entirely new design. These ha\ie included the 
large and 2^-0 “austerity"* general 

purpose locomotives for the standard gauge, 
of which over 1*000 were sent to the 
European theatre of operetions and over 200 
lo the Middle East; numerous narrow-gauge 
iocomotives, raging from small and medium- 
sized ordinary types to both light and heavy 
articulated engines of v^irious designs i and, in 
addition, Diesel loconiotives of several types. 
These locomotives were operating on the 
Continent and in the Far East, and in countries 
in other part,s of the world whose products were 
vital to the allied war cQbrL 

T2te British locomotive niEinufacturmE industry 
is now engaged, in laigc part* on the production 
of locomotives for priority demands, bnt after 
more thm fiw years of intensive war effort 
it IS equipped and ready to play its full pan 
in meeting the requirements of those railways 
which have had to forgo or postpone the renewal 
of their motive power because of the nrgeni calls 
made by the war on manuracturing resourcses. 

A partial resumption of nianufacturing for 
export is alrcndy being planned by the industry; 
this will expand as the demands of war decrease 
and as more labour becomes avnilnbk. Thus 
there will become availabk on an increasing 
scale engineering experience, ^dinj-pened by the 
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diverse natiirc of ui^gcnt dcrmiiids^ wbJerh Jms 
maintained designing 3nd productien at a higii 
pitch of efficiency. In fact, it can be said that 
British loct'molivcs iCMlay mx being built Ld even 
higher standruds of precision than ever before. 

The Uritfcsh locomotive building industry is 
an imponaor section of the heavy engineering 
export trade of Gieal Britain- The 10 com¬ 
panies whiiih comprise it hqve a totai capital of 
some £6,0(KJjUO0 and employ directly nearly 
20,000 crafismen. The indiistfy has a pro¬ 
duction capacity of well over 1*000 locomotives 
a year, and the works of its members are situated 
in imporiant Lndnstrial regia ns of the United 
Kingdom. 

Great Britain was the pioneer of ralfwTiy con* 
stmetion. and in the early days of railways, rrom 
IS25 onwards, ihc British private locomulive 
builders designed and supplied engines for the 
great number of railways then being built in 
many parts of the world. Even now, when some 
other countries have developed locornoiivc 
building industries, then? is none where British 


locomotives are not still in evidence. The high 
quaiity of tlieir original construction has enabled 
them, however old, to be brought into use to 
further the war cJTorl. Id India and the Far 
East, the Near £a.st, the British Dominions and 
ihc Colonies, and in Iknnh America, on e\ ery 
gauge and in every type of serv ice from express 
pas.senger to mountain lines and rack inclines, 
the British locomotive in economy and peifomi* 
ante has proved itseif second to none. 

Since die war of In pankuiar, the 

British locomotive industry lias expanded its 
manufacturing facilities by the installation of 
mcHlern equipnrent and the adoption of iinproved 
methods of production. It is recognized that 
the calls which will be made on the indusiry in 
the post-war y-cars will be hca\y. AJJ o%xr the 
world there is an accumuEntion of deferred 
maintenance and renewal of loco mot fve power 
the meeting of which w-iU be of primary import¬ 
ance to the countries concerned. In Great 
Briutin tlie industry will have ip assist in ihe 
rehabilitation of the home railway companies 


A large number of British EocO" 
motives were sent to Pertia for 
conveyiag supplies to Riissia. 
ITerr is one beirtg prepared for 
dispalch. The engines were 
adfipted to bum oil fuel 
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in a prognmunc designied lo rcpicnish (heir 
depicted stocks of locomotives which have 
resulted from the war. and to this end a five-v^jr 
pfogramine of buildLng has been ammged between 
the railway companies and the icKomotivc 
builders which, nevertheless, will permit of the 
cxecuEion of overdue export orders. 

The locomotive industry since the outbreak 
of hostilities in Europe has had to tkvqte its full 
energies to the war clTort. and to a considerable 
extent has had to forgo opportunities of paili- 
cipating in markets which were its pre-war 
prerogsilive and which otherwise would hav-e been 
open to it, Jts war-dme experience, however* 
has not been without its value, in that it has 
keyed up the industry to the speedy meeting of 
heav'y demands for items re^iuiring the best 
engineering experience. Thus the British loco¬ 
motive tndListry looks forward to serving again 
the w'orld^s railways when* in the near future, its 
ftklJ capacity' cun be devoted to peace-time 
production. 
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CARRIAGE AND WAGON 
BUIl-DING 

T Hf: railway carriage and wagon building 
industry in the United Kingdom has 
made a pro^essi^^ty increasing con- 
iribution to the natlofi^s war production and 
at the peak period the greater pari of Us manu¬ 
facturing capacity w'as engaged on work of this 
kind. 

The larger factories in the industry have 
devoted the greater part of their activiUcs to 
the fulfilment □!' important contracts pLaoed by 
his Majesty s Government for the buildmg 
of lighting tankSr including light, medium, and 
heav'y types. The industry has, in fact, been 
one of the largest producers of dghtiug tanks 
in this country, having cotiipieied nearly 8,000 
ruachLnes as well as having undertaken the 
conversion and reworking of some 3 ,750 tanks 
for special operational purposes. 

Large shops which were used in normal 
times For budding railway carriages were turned 
over for the building of aircrart fusetages^ gliders, 
and radar vehicle bodies. 


■Among the other more important items of 
war malcrlal produced by ihe industry were 
several thousands ot' aimourrd car and scout 
ear bodies, fabricated huh sections for sjitnll 
ships and landing craft, multiple tocket projectile 
mountings. artilEcry trailers, Bailey brid^, 
prefabricated pans for the Mulberry harbour, 
Bofors gun mountinEs. Sic. 

In addiiEon, the Industry's forgine, press and 
machine shops were utilised to their fullest 
c.xicfit* not only in meeting its own requinmicnts 
but also in undertaking o very considerable 
amount of sub-o&ntract work for outside rtmis 
producing different forms of war equipment. 

Although the greater part of its manpower 
and extensive factory accommodation was 
diverted from its normal business of building 
carriages and w'agons for oversea and home 
railways and was employed insitiad upon the 
provision of this wide ranj^t: of equipment for 
the armed forces, it was necessary to retain a 
part of these resources for the building of wagons 
required for war transportation and opcrniLonal 
purposes. At the beginning of the wur a com- 
m Litre of the industry w'O-s formed to collaborate 
with the Ministry of Supply so that the remaining 
somewhat limited w'agon-buLldJng capacity could 
be utilized to the best advantage. 

To meet dpcrationul lequiremEiiLs a large 
number of petrol and oil lank wagons haT.e besi 
built continuously throughout the war^ besides 
bogie hat and well w^agons specially designed 
for carry'ing lighting tanks^ and coal hopper 
wagons for the Mkustry of War Transport. 
Bogie wagons have been supplied to South Africa 
for the conveyance of coal for niLUiary purposes, 
and the industry' recently undertook a 
contract for the supply of 10,000 wagons for 
India to meet traffic requirements of the Far 
Eastern wur. Lu addition^ the industry hai 
allocated capacity for the building of several 
thousands of' wagons required for the rehabilita¬ 
tion of llbtrrated countries in Europe. Some 
of the smaller firms in the industry had their 
capacity entirely absorbed on repairing wagons 
for this country nnd have» therefore, rendered 
invaluable service to the home: railways. 

During the war the indusiry has been filled 
upon, partkulany for fighting tanks, to undertake 
work involving finer limits and diifErcnt icdmique 
From those appropriate to its normal trade. 
Lighr and heavy welding of armour pkte has 
been developed successfuUy; welders arrd men 
for engine fitting wrre trained, and the forging 
and stamping plants normally employed on mild 
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sl«l have had to deal with alloy steet Tor tank 
parts. Thoic llrms dealing with similar w'ar 
products hnve worked In ^roaps., either romneisl 
within the industry’ or with other industries, 
and in thi.s way technical informaiiDn has been 
pooled and a central control csiabh^ilted to dnal 
with the supply of raxv material and L-oinpoPtcnLs, 
Before the war the iitdustry' made an importaai 
coriiribution to the cotmiry^s export trade in 
supplying i:;an-iagc5 and wagons to nut ways all 
over the world, louring the wat no carria^ 
were built at alin and normal oversea markets 
had It) be sacrificed for the time being. 
Much of the capacity of the trade is still taken up 
with war contructSH and though every ctfort Is 
being made to ac4xjerdie the reconversion of 
plant to the purposes for which it was designed, 
there is much leeway to be made up. li b hoped 
that home and ovcfKra cusLomers will appnseiate 
not only the great contribtition made by thc 
industry towards the winning of the war, but 
also the ineviiabic delay in getting shops and 
pcrsotineJ back to normal production. TTic very 
large outstanding demands for rolling stock 
will be met skicccssfolly once the trade can get 
Lato its stride again and undoubtedly, as a result 
of war experience, improved tcchnitiue will be 
utilized- 


THE MCJToH TNPUSfJtV 

32 

THE MOTOR IN[>U.STRY 

T he Britiil] motor-car and commcmCEal 
vehicle arc products of an industry which, 
at the lime war broke out, ranked among 
the premier industries of the country. It gave 
employment directly and indirectly to about 
1,500,000 persons, and its prodncLs pravided in 
taxation approxunatoly onc-cleventh of the total 
revenue of the national Exchequer, [is annual out- 
pui: in leimsofehLisa is and vehicles was roundabout 
500,000, of which some three-quarters w ere private 
cars and the remainder commerdal ^■ehicl!!s. 

The total number of both types in Ltso in the 
United Kingdom in the last complete year of 
peace wTis rather mote than I^^OOhOIK), 

private t:ar5 accounting for nearly 2,lKX),000 oi‘ 
these. Evpons in ihe peak year of 19J 7 totalled 
close on liXl.OlXI (78,113 cats and commer- 
cial vehicles, chassis bemg included in both cases). 
The exports for ly^S (the year of I he Mumch 
crisis) declined samewhat. totalling aboLil 82,500 
vehicles W'ith a value of rather more than 
111.000,000. Be it npteci however, that these 
figures represent vehicle and chassis only' the 
total V'alue of automotive expottx. induditig parts 
and accessories, tractors, marirw: motor craft, and 
tyres, reached £IS,5E>0,000 in £938. 


The amaJl Miles Master acro- 
pLint; has b«n one of iht 
principal training mnehincs for 
the M-A-F4 Here iirts some in 
pmiiucdun in a British EiintDr-car 
works. 
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Th^ foregoins ^^iil scrtc to mdicate that 

ihe motor industry of Grat Britain had attained 
tonsidcmble magnitude and tbat its claim to 
rank in tkic country's first three industries bad 
siibsEantial roundation: indeed, it might be 
argu<fd that, if the contribution it made to the 
coimtiy's economic ^stem in terms of money 
were also taken into consideration, it was well in 
the mnnlnf for premier pcsiiioiL This contri¬ 
bution is put in the region of £500,0tlh00<) 
annually, of which the retail value of ttmnu- 
factures, sales of second-hand vehicles, maLn- 
ienance, taxation f£3S,000,000 alone), rates on 
giorages privately o^ed, fuel anti oil saJes^ and 
insurance are the principal ingredients. 

None the less, it is putting the fatls mildly to 
say that, in September, £93^, the armed forces of 
this country were inadequately equipped with 
mechanized t chicles for both fighting and 
transport purposes. VV'e bad disarmed only loo 
genuinely in the years that followed the sipiing 
of the fictitious peace, and financial stringency 
consequent to a great extent upon the depression 
of the thirties caused the War Depaitmcni to 
starve its mechanisation branch of funds. Research 
and developmcni on a scale conimensurate with 
its importance could not, therefore, be undertakenH 
but, none the le^, the sntiill but efficient and 
enthusiastic batid of officers which constituted the 


staff of the Director of Mechany^iion managed 
to achieve some valuable spade work. 

Tliis had* however* been done only through the 
cooperation of ses'eml of the leading British 
motor manufacturing finns. Although public 
money had not been rorLheotuing In sulhcicru 
quantity to enable large fleeU of vehicles to be 
built* a substantia] amount of experimental and 
testing work had gone on cDnsislcully,. as a result 
of which some useful prototypes had been 
evolved, live principle upon whit^ the coopera¬ 
tion was based that the War Office would 
indicate its requirements, and the motor monu^ 
facturers wouEd translate these into practicality so 
far ab w<is possible by the employment of com¬ 
ponents which were already in commercial 
civilian production. 

While this practice resulted in a rcajionabiy 
serviceable compromise being arrived at, it 
possessed the 5eriou.s drawback that vehicles for 
the Army had to take the form of ncur-civilian 
types. It should be noted* however^ that as 
manufacturers had perforce to design their pro¬ 
ductions along tines governed by curreni legisla- 
lion, which Lmpased rcsiiictiuns upon measure¬ 
ments, weights, a_dc loadings* and kiudred 
matters, it followed that the Army had to a con¬ 
siderable extent to adapt its usage of mcchinizcd 
vehicles to the ty'pes it could gft rather than to 



The Rolls-Royce Merlin engine 
not only figure^ in fighter £Lnd 
bombing aer-uplLine^^ but hvLS 
been adapted to tankj. WqrknicTi 
are seen al work in the crank 
case assembly shop. 
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ivhal if really needed. Thus the miJitaiy authpri- 
ties at ihc culsct of the war had to make do wJth 
vchleltt built upon the Lines of those employed 
in ordinary p€:acc-tiin[: contmerce. None the less, 
they perfunned esicellent service in the early days, 
and* in any case, alL that were on the Coniiient 
at the time of Dunkirk had to be abandoned. 

The [nteriin period between September^ 1^39 t 
and the disastrous June of however, gave 
the motor industry a chance to gel going with the 
production of vetdclcs lo the prototypes which, 
as wc have just seen^ had been tiuietiy developed 
in the immediate pre-war years. Even so+ it was 
soon renh^ed that our enerDies had progressed 
with their mechanizaLidn to a stage far beyond 
that tovi hichour comparatively modfist expeodi- 
ture [as national expendEtures go) had brought 
us. It was recalled that German manufacturers 
of commcicial vehicles had displayed, at the last 
eKhibition held in London of such vchides, 
maebine^ of enormous dimensioiis and capacity* 
with vast erigEnes of Diesel type, which were 
totally tinsuited to road conditions in thiscouniiy ; 
indeed, their gigantic size would have preclLidcd 
them firom legaily using the roads of Britain, 

It should here be Tnentiuned that the remarks 
made above coiijOcrnEng vehicles apply et^ualEy 
to the tank position. We had allowed our Royal 
Tank Corps to degeneniiG into a ^mal3 force, 
and financial grants adequate to the development 
of new types of tank had not been forthcoming. 
When the rearming of the nation was decided 
upon there existed diveTgent opinions as to re- 
quircmenis and specification. To ascertain what 
other countries were doing Lord NiJfield sent 
experts to Russia, wheiu they discovered that 
niimhcfs of tanks were being produced to a 
prototype developed by an American inventor 
named Christie, who had devised a t>'pc of ius- 
pcEsion infinitely superior to anything yet 
evolved. Lord Nulficld provided Ihe cash 
nece^isary to acquire specimens^ from which the 
Crusader was develop«l, but aciiial battle e.xperi- 
ence was lacking to enable the machine to be 
perfected. The Germaus had gained such experi- 
cner: at the time of their [umexallon of Austria : 
Lhcir tanks had shown up badly ou liiJS expedition* 
and in the inierim period between that incident 
and the outbreak of war they were able to rcaify 
mos[ of the defects. 

Oiie of Britain's greatest initial handicaps in 
tank construction was lhal she had no engines in 

quanUty production large enough to provide 
a heavy, w^ll-armounetl tank with adequate speed. 


and for this the incidence of the horse-power 
tax cannot be held blameless# However* when 
the Rolls-Royce Merlin engine design was 
modified to form the Meteor* developing 500 h.p-, 
the British lank became fully potent. Since then 
this country has produced what arc adniitted 
to be the best all-round, batUcworthy tanks of 
the war. Their speed was a great asset in ctibsing 
the enemy out of France after the Caen breaks 
through* outpacing ihe Germans' armour and 
preventing them from nifiking an ctTective stand. 

Before wc go on to deal with the actual war¬ 
time producLs of ihe motor industry there is one 
more pre-war, but warlike, activity whieh must 
be touched upon in order to put matteinto their 
proper perspective. This is the Shadow Aero 
Scheme* whereby sIk leading molar manu- 
factiirers were called upon to make plan^ ro 
expand, in emergency, the produciioo of aero 
engines and aircraft. The scheme wiis broached 
in I93fi. iit a time when the vociferously pro¬ 
claimed Lack of territorial ambiiioti on the part 
of Hiller was causing disquiet. Its object 
prov'idc means whereby the output of the regtdar 
aircraft manufacturing firms could be supple¬ 
mented if emergency' arose* b in not unless it arose. 
The motor manufacturers* with their e.xperieuce 
of production in quantity, were requested to 
supervise the erection and equipping, and sub¬ 
sequently the management, of factories capable 
of ittaking components for engines or the assembly 
of aifcrafl. The actual products were to be of 
designs emanating from firms in the regular air¬ 
craft mdusti^'. 

Five of the princEpal British motor manu' 
factureni took pari in the Shadow Aero Scheme 
which* in point of fact, never was a shadow/^ 
because the emergency tame upon us even before 
the majority of the factories had really been 
completed. Fortunate indeed was h dial the 
scheme was evolved, and lhat the skill and experi¬ 
ence of the motor manufacturers turned it into 
a bigTiucKcss. It most certainly increased the out¬ 
put of vitally needed engines and bombers at the 
cridciil momeuL when the counity was in the 
greatest danger svith wbteh it has possibly e^'cr 
been faced. 

In the early days of ihc " Shadows "ihe moiot 
industry helped to mass-produce the renowned 
Blenheim, one of the bombers which, it will foe 
remembered, was used so extensively at the out¬ 
break of the war. During recenl years the industiy 
has been engaged in producing on a quantity basis 
the formidable Hals fax, the bomber which con¬ 
tributed so eiTxiTly to the lask of hastening the 
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end of the war in Europe. And last, but by no 
means least, that speedy, terrifying, and versatile 
lighlcr-bciiTtber the Mosquito w as Eargely produced 
in the ** Shadows/' Today ihosc iihadow' faclories 
have, almost without exception, been iidtcn ovea- 
by the motor lirms which erected and operated 
them, and will be employed upon the production 
of post-war cars and commercial vehicEes- 

During the war the motor industry ha:^ been 
engaged upon a vast number of different products, 
some of similar nature to what may lie termed 

normal/' but many bearing no relation what¬ 
ever to that term. If one may deal first with the 
rormcr. then ihc ofikial “ Statistics relatiog to the 
war effort of the United Kingdom reveals that, 
up to JuhCh !y44> the number of ^"Wheeled 
vehicles for the Services manufactured totalled 
919,111 and tanks 25J16, While it is not claimed 
that the moior industry alone has produced aJl 
these, there is little doubt that the majority of at 
any rate the first category have emanated from the 
motor factories. Of the total, the analysis shows 
that B2,000 were light vans and cars and 492,700 
heavy'type vehicles. Armoured cars, including 
carriers, are relumed at 74^302* and motor- 
cycles at 400^000. 

Another item in the Statistics that holds par- 
ttcular interest for certain firms which in peace- 
tinte manufactured motor-care h that relating to 
the repair of aero engines, which are shown 3S 
reaching a grand total (from the inception of the 
scheme in mid 19401 of IU,005. The repairing 
of an aero engine Is a major operation^ involving 
complete stripping down, overhauling and rebuild¬ 
ing with new pans to replace those that do not 
pass the stiingenL Inspection of the Aeronautical 
liiS(>ecCion Department. Recently one of the 
motor car factories which had been engaged upon 
this work announced the completion of its 
IQ^OOthh aero engine overlmu]. 

Another manufacturer of one of Britain''s most 
popular cars administered the Civilian Repair 
Organization for the Ministry' of Aircraft Pro¬ 
duction. Thts was only a small part of the firm^s 
war effort, yet it was responsible for making no 
less than 75,000 damaged aircraft fit to fly and 
fight again. 

One product of the motor factory that was 
turned IVom peace to war without aEteration—or, 
any ran?, with a bare minlmiim—and which 
filled many different roles, was the motor-car 
engine. Apart from its employment in its normal 
or allied spheres, such as in trucks, armoured cars^ 
and other vehicles for use on the road^ it was 
pressed into service for a variety of stationary 


power units, including generating sets for radio 
siatEons, lighting plants, and the like, also for 
driving the winches of the barrage balloons which 
are fast receding into but a memory. In the early 
days they wen: employed to generate current for 
the device whhch e.xp3oded the now aimosl- 
forgotten magnetic mine : they also drove the 
fire'pumps that fought the blitz. 

If one glanciKi at a list of Government contracts 
undertaken by some of the, motor ntanufacturors, 
one may obtain a kind of polled history ol^ the 
progress of the war. First of all, vehicles lor the 
Army and Forces generally—trucks, aoibulanccs, 
utOity vans. Thcn^ the expansion of the R.A.F.— 
for training aircraft, for aero engine components. 
Ne;^E, the expansion of the Army: millions of 
steel helmets, of ammunilicn bo.xcs^ of shells. 

Then came the Battle of Britain ; steel helmets 
for civilians, trailer pumps for the National Fire 
Service, For the war in the AtlancJCj orders for 
depth charges and sea mines; for torpedoes ; 
engines for life boats and for special pumps to 
spray water over survivors of torpedoed tankers 
swimming through a sea of burning oil. For the 
mounting blitz of 1941, an order for power units 
TO light up decoy aerodromes. For the siege of 
Malta, an order for special long-range tanks for 
Hurricane fighters. For the rearming of our tanks 
in Libya, stampings for 6-poudder instead of 
2-pOundcr guns. 

Millions of** Jerricans for petrol and water— 
the original version, captured Irom the Gentians, 
was Sown direci from the battlefield to one of 
the factories that were to produce them. Maga- 
zJrtes for Sten guns, at the rate of ]O,(X>0 a week, 
to use up anmiunilion captured from the enemy. 
Bofors guns, for anti-aircraft, went into big-scale 
production at more than one motor factoiy. 
The fuselage of the Horsa glider called for the 
most highly skilled pattern makers, timber 
machinists. Woodworkers, trimmers, and painterSp 
men who had formerly made elegant bodies for 
luxurious cars. At another factory where small 
cars of sporting type had beeri made the Mosquito 
came into production. 

When D Day w^as being organized, the necessity 
for amphibious opcriadon.s demanded that motor- 
vehicles should be ** w'^terproofcil so that they 
could be pfi-loaded from landing craft into the 
sea, and make their own way ashore through 
Water several feet deep. Tlie system whereby 
this could be done was developed in great 
secrecy over a long periotL and certain streams 
near Coventry witnessed some of the experi- 
mental work. Gradually the desired r^lts 
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were achicYcti, iind engines could be run flai 
ciiil in botioni gear for 10 miiiiules in a con¬ 
siderable depth of vaier, and be capable of 
covering 200 miles on dry land Lmmediately 
afienvards. Shorily before ihc invasion topic 
place, however, sudden requimments called for 
the perlontiaTice to be repeated in w ater of even 
greater depth, and hundiuds upon hundreds of 
trucks had to be quickly altered to comply. 

Garag.es as Factories 

[n the foregoing colunms the major products 
of the JLifitish motor maiiufacturing indusirv 
dunng the period, of the w'ar have been briefly 
described- Let us now revert to the liine of the 
evacuation of Dunkirk, when practically eveiw 
one of the injechanized vehicles that the British 
Armv possessed had to be left behind in France. 
Yet this loss was replaced, from factories in the 
Lfniled Kingdom, wilhin the short space of four 
months—and rcpiacctl with miichines that were 
in everv way an improverneni on the earlier 
types. During these months the Lufm-fiffb 
began its attacks upon the cotmliy s industrial 
areas, and both Coventiy and Birmingham 
suflfered severely, with the result that dispersal 
became the order of the day . 


Until the necessity for ctispersing production 
centres w’iis reaii^cd^ the authorities had been 
slow to take udvantage of the potential manu- 
factaring facilities which another section of 
the motor industry had to dlFetr Up and down 
the countryn in every ciiy^ town, an-d village, 
there were the retailers, the distribuiors of motor- 
vehicles who sell ihc cars to the public and 
operate service stations and jj^rages. \^'hcn 
hosiililies broke out they were severely hit. 
For Ihelr livelihood disappeared osemight. This, 
for a trade employing some 150,000 hands, 
was serious; howe^’cr* since many of the work* 
men were skilled mechanics and machine tool 
operatives, a big proportion of them were able 
to take on new cinploy'metii tight away in 
munition factories. 

For the rest, and for the proprietors and 
managers, the ouiltwk was dark in ihe early 
days, when private motoring was drastically 
curtailed- Yet the country needed munitions, 
and needed them in quantities far evcecdirtg 
anything that wns Uien being produced. The 
motor traders looked at their idle workshops 
and wondered why they could not be set to 
work on national necessities. Their associations 
formed a Motor Trade War Executive, which 



A Royal Siguals mobile wirel «5 station on ihe road. Ii was used during operotimis on the Contineni 
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A liiic o-f ambuliinces prescnccd lt> the Army hy the H.oyal AntcdUi^vian Order of ButfaEoes, 


brought to ibc itoticc of Lhe authoritkes the 
faciliues for production that were going begging. 
For a long time there was little response, but 
cveniually, rather grudginjaiy^ some of the service 
stations were given Army trucks to overhauL 
The FKecutive persisted in its efforts tmd was 
making some headway agamst official apathy 
when the coming of the Lufiwaffe gave a great 
filtSp to the negotiations. Soon the importance 
was appreciated of having factories, albeit small 
ones, hcnct there, and everywhere. Quickly 
now the poteniialiUcs were explored and contracts 
handed out, and the scr\ ice stations were before 
long busy hives of industry. 

By this time* however, most retail motor 
traders had parted with a large proportion of 
their skilled mechanics and fitters, and retained^ 
on the averagE, only perhaps fwp or three out 
of their pre-war staffs, ^licn called upon to 
undertake official work, thcrcforcj they had to 
import and train quantities of green " labour, 
much of tt femaJe. And what did they do, these 
workshops wherein motor-cars had been greased 
and ** decoked ** and washed and polished ? 
To answer that question categorically would 
require a volume, for the list of articles nwiU“ 
factured and the services performed is a long 
oner All that one can hope to do within the 
compass of this article is to record a com¬ 
paratively small number of actual accomplish¬ 
ments, which form a cross-setriion of Lhe vast 
whole. 

First, there was the overhaul and recon¬ 
ditioning of .Army vehicles, already touched 
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upon, which developed into the Army Auxiliary 
Workshops scheme, and handled some SO per 
cent, of repairs to transport vehicIcSf including 
Bren carriers and armoured cars. We may, 
perhaps, quote from the story related by the 
head of a targe firm of motor-car distributors 
to indicate how the scheme was developed. 

This particular firm had a well-established 
business in peace-time, supplying and servicing 
cars, commercial vehicles, and farm tractors 
over an extensive area. They maintained a 
staff of 65 skilled mechanics, but at the outbreak 
of war they had to part with many of them, 
and gradually^ as work grew scarcer and scarcer, 
the Dumber was w'hJttlod down to five. For 
some time there was barely sufficienE to keep 
ev^en these five fully occupied, although the 
servicing of tractors on farms in the vicinity 
provided a basic ration, so to speaks of work. 
At length there arrived an official contract for 
the repair, altciutLOu, and modiilcation of Army 
Vehicles, together with an assurance that more 
sEdllcd men would be provided to cope with it 
This assurance, however, proved incapable of 
fulfilment on account of the universal shortage, 
and tJiere wtis nothing for it but to engage 
such feuiak labour as was available locally 
and to train it. 

Therefore tw'o of the precious five key-men 
w-erc told off to act as instructors, and the now 
dl.'uised cellulosing shops, wherein glos^' new 
coats had been spniyed on to motor-car bodies, 
were transformed into a school. In the work¬ 
shops, the other three sklUcd men gave practical 
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tuilion and superv ised the partly iralnect women 
in their allotted tasks. 

Slowly, but none the less steadily, the work 
got under way : the Amiy vehicles came into 
the service station in ever-increasing numbers, 
were stripped down* reconditioned^ and rehiiili+ 
When die flow of w ork through the shops was 
slowed down by a lack of replacement pariSt 
the firm decidiod to make them themselves, so 
the w^orks manager scotued ihe country^ and 
was able to get together a coUectioii of machine 
tools, which he had repaired and adapted^ 
c^'entually forming litem into a very crediiabic 
semblance of a factory. This eased the situation 
greatlyp and later the machine shop became so 
efficient that the firm was able to take on a 
contract for ihe mamifaclLjre of pr^ision parts 
for small arms. 

Another retail motor firm, which had been 
given an order lo noake aircraft parts, conceived 
the idea that it could make guns. It confided 
this belief to the appropriate authority^ and a 
somewhat sceptical general of the Ondnarice 
branch paid it a visit. When, after investigation, 
the general departed^ he had lost his scepticism^ 
and a contract came along in due course. Within 
Ihe space of five months this firm wtis being 
credited with the highest output of breech 
mechanisms in the whole country ^ its secret 
lay in the fact that, by applying certain mcihods 
w'hichp although new to Ordnance, had proved 
successful in the class of work in which this 
motor firm had previously specializEtfi the job 
wus simplified to a substantial degree* 

As the war progressed there was seen to be 
more and more that the scrv ice stations could do. 
Some of the small workshops were found to be 
more suitable for certain ±>-pes of production 
than were even the big factories. One of the 
motor distributors In the southern counties 
was entiiisted with the making of enormous van 
bodies in which the parachutes discarded by 
airborne troops after landing are renovated, 
repacked, and housed ready for furlher use. 

At another garage was carried out the equipping 
of special trucks For the Signal service wilh 
intricaie electriail apparatus and short-wave 
trarLsmiIters. Incidentally, a motor firm in the 
heart of the West End of London participated in 
this work, the testing of the equipment, secret 
though il was to the rtih deEree, being carried out 
in Hyde Park! 


The naiural versatifity of the motor mechanic 
enables him to turn his hand to work involving 
a mnnbef of different crafts. For this jpea 50 ii+ 
largely, some of the smaller workshops W'ere 
eotnislcd w\\h the making of secret gadgets " 
which, being dropped by pananhute to the Trench 
Hiaquls, were doubtless put to elective usage. 

Another speckdized product concerned a 
certain tool which enabled, the raruperator buffer 
on the 25-poundGr gun to be repaired on the 
spot instead of ihe whole gun having to be sent 
back to Lin Ordnimce workshop 150 mi\& away. 
\Mven the need for this arose, Cairo then being in 
danger from Rommel every employee willingly 
worked round the dock to produce the first 250 
tools. 

Not alone have the service stations t^cn 
pressed into use as w^orkshops and small factories ; 
showTOom windows of motor distributors have, 
in many cases^ continued to display examples 
of the nojtiiaS stock-in-trade of the firm whilc^ 
bdiind the scenes, the showroom itself has been 
converted into a shell-turning shop, with laihes 
humming and ovcmlled girls busy feeding them 
with fresh material. 

In addition to what has been manufactured in 
Britain's gutages the retail motor trade has per* 
formed services which have been of equal value ; 
it has trained enormous numbeni of men as 
drivers and mechanics for the forces. Soldiers 
have been turned into itiechanically minded road 
users hy the thousand since the first schtxils were 
established in 1940. Through one school alone 
passed nearly 5,000 trainees, on courses of 
instrtictjon of varying nature which ranged from 
sut to 14 weeks in duratiom Invaluable work was 
done by these schools, especially in ihe early 
davs of the war, when Ihe Army was much less 
advanced in its mechanization than it is to-day- 

Still a further activity which has fallen to the 
luc of certain motor traders concerns the building 
up of vehicles which have arrived from the 
UniEcd States In ' c.k.d." (completely-knocked- 
dov^Ti) condition. At different places accessible to 
Vhe ports of entry piles of large crates suddenly 
appeared, dumped dowm on waste grouniL 
Transported lo the workshops near b>% which 
often were service stations of the locaJ motor 
traders, these crates would deliver up all the com' 
ponent parts of a Jiecp. or a United Slates Army 
truck, or a snow plough- or a tractor, and from 
the other end of the workshop would emerge, 
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probably under its owti power, the izonipletc 
vehicle all ready for delivery and service. An 
ouipui of hundreds per day was achieved at the 
peak of this activity* and great was the shipping 
spa« saved on Ihe transatlantic crossing by the 
use of this method of shipping. 

Lt would be impossible to coiKludc a review 
of the British motor Indnstry's war effort without 
paying tribute to the products of the concerns 
which, while not being manufacturers or dis¬ 
tributors of motor-cars or commercial vehicles* 
are just as much part of the industry. For 
example* the tyres* electrical equipment, and 
instrLinicnts arc essential components of any 
motor-vehicle, whether it be a lumrions private 
CRT or a plebeian refuse collector. They are just 
as important also on an .^uny truck, or tank* or 
armoured car, or ambulance. 

Lamps, ignition^ screen wiper^ Starter^ d>mafifio 
—all these are vital to war; and war brought a 
host of new demands to the firms who make 
electrical equipment. 

Gauges, speedometers, and clock mechanism 
arc likewise essential components in war as in 
peace^ and fortunate itidecd it wus that ih-e princi- 



A folding m.oioj-cj'clc and conlalncr of the type uisetl 
by airborne troops. This oquipment was used In 
aU mj^or panuropp operoiions in Europe. 

tos 


pal firm engaged in this section of the motor 
industry had, a few years bdbre war broke out, 
decided to bujjd up a watch industry in Britain, 

Tt certainly w^>Ljld appear that the motor 
industryt for enterprise* kuiiativc, and versatility* 
deserves well of the British Government and of 
the whole countiy' in the days to come. It w^iU 
be ready la cotiiribuic the same degree of energy 
and cnlcrprisc to production for esport a.s it ha.s 
displayed in production for victory, 
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MOTOR CYCLES AND 
BICYCLES 

T he value of the motor-cycle and bicycle 
industr\''s contribution to the national 
war cfTorl cannot be measured solely by the 
yardstick of the great quantities of munitions 
it delivered; the time factor must also be taken 
imo the reckoning, Lt was indeed, in the blackest 
days of the war, when the surv^ivors of Dunkirk 
had to be re^amied and reequipped against the 
threat of invasion and when a great number of 
new and converied factories were producing 
only a tithe of thcLr scheduled output through 
lack of machine too!.% that the industry was 
able to come to the rescue with largE-scale 
deliveries of vital weapons^ ammunition^ and 
arms. 

The very nature of its peace-tune products 
enabled the indystry to switch smoothly to 
munitions; its machinery was for the most 
part welt suited tq the manufacture of certain 
w'eapons of war, its workers were already fikilled 
in precision production; a large section of it 
was centred in the Birmingham area, traditional 
home of the small ajms trade. 

At the outbreak of war some 75 per cent, 
of the plant in the indu.stry w^as immediately 
freed for armament production, and as additional 
nmehinerv' became available and unskilled labour 
trained lo use it, so the output steadily increased. 
In fact+ it became difficult to use the term ** maxi¬ 
mum production " with any degree of accuracy ; 
improved manufacturing methods, simplification 
of design, elimination of machining operations 
found to be unnecessary—all these, combined 
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with the deteiTTiination of the workirrs, served 
to sicp up output frojii record to sti]S jarMicr 
record. 

To cititmemle ihe varied munltLans produced 
bj the industn-, in addicion to Army motor¬ 
cycles and bicycles, would be well-nigh impos¬ 
sible. but they ranged from guinzaniagcs to 
rocket projctrLilesi, from rifles and machine-guns 
to fuses^ aircraft componenis and shel^. And 
their totals had to be reckoned in tens of mil I ions. 

Of special imertsi lo ihe industry' was the 
fact that in the advance of the science of warfan: 
a new use was found for the bitycle, which, as 
a rncuns of bringing infantry speedily into 
action, had bocit virtually banished from the 
from line early in the Great War, In the autumn 
of 1941 the W'ar Olhce foresaw^ that a bicycle 
of a specialized type w^ould be of gicai benefit 
in paratroop operatiorts. After long experiment 
and the adoption of an unorthodox dcsigUT one 
company produced the ideal machine ; it w'eighed 
only 211b. and was of the folding type, enabling 
it to be strapped to a man's back. A large 

rush order w^as the immediate result, and it 
was completed only a few weeks before the first 
use of these bicycles in an airborne Dpemtion— 
the Apglo-American landings in North Africa 
in 1942. So successfully did they fullfll their 
function that they were empEoyed in e>ery 
subsequent major paratroop operation of ihe 
war in Europe—on D Day, at Arnhem, and 
finally by the Sixth British Airborne Division 
when it landed east of the Rhine in front of 
Montgomer>''s advancing troops. 

The mdustry has learned much in the past 
six years in the way of new' materiaEs and new 
processes. Of the latter one of the most important 
has undoubtedly been the application of hard 
chromimn plating direct to all metaU. ferrous 
and non-ferrous, to prevent corrosion and 
wear of moving pans. After long expcrimtiit 
in the research department of a Birmingham 
gun and cycle company the process was ^iuocess- 
fully applied to the .3€.^ Browning machine-yun— 
the Battle of Britain gun—lo eliminate fouling 
and a consequent slowing of the rate of fire; 
subsequently all valve rockers for Rolls-Royce 
Merlin and other aetrCHengines were sent to 
a Redditch factory to be similarly treatccL 
The process was also used to solve problems 
arising from the fact that certain steels w^ere 
sometimes In very short supply; it was found 
that other steels could be satisfactorily employed 
when the surfaces vvere plated with hard 


chromium. Experimenis are now being made 
with a view to applying hard chromium to car 
and motor-cycle engines and esven to the rims 
of bicycles, v^hcre ordinary decorative chromium 
tends lo wear off through the action of the brake 
block. 

The chief features of post-war motor-cycle 
and bicycle manufacture wdll be greater comTort, 
cleaner design, and easier handling, w'hich wiU 
reduce the amount of money and time required 
for mainiciiance. 


34 

ROAD TRANSPORT 

Sinct May, 1944^ nearly all iong-distance 
movemctiis of general traffic by road have been 
arranged through the Govermnsnt Road Haulage 
Organipation. which was set up in (he summer of 
1943. This organization also employs vehicles 
to cany Govemmem traffic for all distances. 

During the preparations for D Day^ vehicles 
were provided for road movements from the 
ports, from Ihe faclories^ and from the depots. 
For example* the Road Haulage Organization 
was largely responsible for the road movements of 
materials and parts of the Mulberry ** ports. 
Alter D Day the organizaiion continued lo 
meet all essential needs, as. for example, in pro¬ 
viding 1,350 vehicles for urgent movements of 
guns and materials to deal with the fiying-bonibs. 
Tw^o complete road haulage unitSH each with a 
carry'mg capacity of 5CKJ tons, w'erc sent to 
the Continent to assist in carry’ing supplies to the 
people of liberated territories. 

The value of the contribution to victory made 
by road transport througli the Road Haulage 
drganizatton is sho%^Ti by the Following figures of 


tonnage handled during 1944;— 

Loni; distance flnctudinE Gavesrnraent Teas, 

Uiimc} . .. 11,081.830 

Other Government traffic :— 

General .. 16,1SJ^972 

Opened! coal .. 9^087+781 

Meat .. .. 3,610.603 

Other Ccinmcrcial tmfiig .. 14.8.34,251 


Total .. 53,793.417 


In additionp 4,hi[5AS9 head of livestock were 
carried. 
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MOLTEN STEEL 

A suikioj scene in o North of England foundry showing allioy &iecl ppunng from an electric riiiiiBce< 
1(0 
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STEEL FOR BRITAIN’S 
ARMAMENTS 

T he mosl sJifffctilt Side df Ihc stMl industry's 
vyorfcto illustrate isttw achievement of the 
mcLallurgist and producUoQ expert. The 
results oF a great deal qT laboratory research and 
intensive experinient in steel works and engineer¬ 
ing plant are often represented by no raorc than a 
changed formula: but that alteration may mean, 
in fact, that it Is possible to produce a vitalJy 
important steel that would not atherwise be 
avniJable in sufficient quantity^ or it may be the 
key to the practicabilsty of some invention or 
development. 

Alloy steels are used when the stresses or strains 
on the finished pans are greater than could be 
withstood by the straiEht carbon or carbon- 
man ganese steels. And the steels used for tools 
contain the highest alloy conleut of the chief 
materials being LLingsten, molybdenum, chrome 
and s'auadiuni. These steels are clearly one of the 
fundamental rK^cessities of war production, for 
they am used to machine all kinds of steek other 
metals and plastics, and without them mdustiy 
could not cany on. 

At the beginniog of 1941 deliveries of finished 
tool steel, owning to the ciTects of enemy action, 
dropped to a level considered dangerously low. 
Apart from imnaediatc steps, such as the transfer 


of experienced forgemcn from one plant to 
anutberi a meeting was held with the Machine 
Tool Control, who speciijed their expected 
requirements; and later the makens of the high¬ 
speed steel needed in tool production met repre¬ 
sentatives of Control to agree a programme and 
indicate ihe tonnage each plant could guarantee. 
Although there hav^ been many changes since 
then, requiring modifications of the plans and 
altered schedules, it is a fact that from that time 
there has never been any doubt about the 
industry's ability to meet the demands for tool 
steel made upon It. 

The most important change of aJ! camE after 
Japan's ent^' into the when it was realized 
that our main source of tungsten in Burma was in 
danger—a danger that very soon becan>e a fact. 
The first step was to devise steels that would use 
less tUD^ten than the 11^ per cent, usually 
included, and three new types of high-speed steel 
were very quickly evolved with analyses that 
effected the necessary cjconomy. The work 
involved was considerable, and had to be carried 
ont under the spur of urgency. Apart from 
laboratory research, the necessary full-scale 
Steelworks tests, and the proving of the suitability 
of the new steels in actual operations for a great 
number of diffEnent jobs, there was also the need 
of explaining to all users their cbmacicristics and 
ensuriug that the steelworks concerned were fully 
advised on the technique of produetion. 

That catalogiic of things to be done conveys 
an inadequate conception of what It meant to 
introduce new tool steels, bnt it may indicate the 


111 


aRltlSH PRODUCTION: 

complications. It was a major probt™ noT only 
in mcLallurgy hut Ln efficient orgafilifalion, and 
ihe snjootiinc^ and speed with which tbe aiiiiation 
was handled repmsenied a notable achievement. 

Research and production were not the only 
factors. Economy in ase and the prevention of 
wa,^ta|a aJso played an impoiiant pan in helping 
the industry to cornmitnienls- For 

example, the use of tools only tipped with high¬ 
speed steel reduced demand. A great deal of 
wort was done in organtzing scrap ooUeetton and 
sorting. Control over industry ensured that tools 
w^n? not used Tor non-essentiaJ purposes. Pro¬ 
paganda improved the ciire of tools by the 
operatives so that Iheir w orking life w-as incrcasedp 
and various technical devefopmenta tended to the 
same end. In fact, success in supplying war 
industry with the tool steel it needed was 
achieved by full coordIniilion and day-to-day 
conirol adaptation. 

During some phases of the Italian campaign 
there was a Bsiley Bndge to every mile, and in 
one case nine were erected in three miles. The 
story of the development of that bridge (des¬ 
cribed on pagesi 7 j- 75) is a good example 
of the siecl industry's work, in providing the 
Army with the equipment ii needs. Ai the 
prototype demonstration in May. 3^41, uoops 
were borrowed one afternoon, nnd the nest day 
built a bridge 70ft long in 40 minutes. Afier that 
it went into prodtichon, andhiis proved its merits 
over and over again. It can be erected very 
rapidly—a 350fl. hridge was ihrown across the 
Trigo River in 36 hours—ennies even the fieavlest 
tanks and transporters, and can aficrwards 
be dismantled to make wtiv for more pemanent 
structures, its components being used again and 
again. It is adaptable id muny purposes and 
varied conditions, and is capable of quantity 
produciion. 

There IS no intention of describing here the 
achievemeiiU of the Badey Bridge—Fidd-M arsha J 
Monigoitserv' said that the Army could not have 
too many of them. The point is rather to show 
how the steel industry made possible its produc¬ 
tion in large numbers. To understand what w^as 
involved it is necess^iry to indicate briefly the 
nature of the bridge, which may be said to 
on the Meccano principle. Standard high-tensiJe 


steel-trussed piliiels form the basis of tlie structure, 
and these can be used to build up virtually any 
Lind of bridge. For light loads and spans of 
mtKlerate length there may be single panels 
on cither side of the decking. For heavy !oad.s 
and long lengths the panels iirc doubled or 
trebled side by side and also, if necessary^ super¬ 
imposed. As a result, although the Bailey 
Bridge can carry' the heaviest known military 
trafhe there is no one part that cannot be lifted 
and trxed by only six men. The special features 
of the design are the use of high-tensile sieeJ 
welded construction of the panels and decking- 
rrame uniu. with alloy-steel pins for coupEing 
panels together, and tiie fact that very few 
bolls arc employed except for holding down the 
wooden decking. 

li is worth noting how the essential charac¬ 
teristics of the bridge reacted DU the steel industry. 
As lightness was of the first importance for 
marthandling, the lactor of safety had to be kept 
as low as possible; the sections mast be e.xtremcly 
accurately rolled and free from flaws, the quality 
of the Steel must be fully up to spcdiication. 
and the carbon contctit ver>' low, Dot only 
because of tbe use of w elding but also to ensure 
the prescribed strength. This meant variations 
in the appropriate British Standzird Specifii:3t[ons 
for the high-tensile steel (o reduce tbe carbon 
content and give a higher minimurn yield point. 
And the steel makers had not only to work to 
unusuahy narrow' limits m these respects, but 
also lo ensure very close accuracy in the profile 
of the scctjoti. 

The petition was made mure difficult by 
the fact that the second order, in December^ 
1941, for J,J(k) bridges, specified a proportion 
of high-tensik steel different from that in the 
first 2(>t> orders, while extra demands were 
made on British mills at a very difficult Xlfm* 
The mild iitoel required was readily avalhible 
but the origiiial regional airangemencs for 
regular supplies of high-tensile steel to the 
fabricators and their many sub-contraetors were 
soon seen to be inadequate. 

Special organizalion was therefore introduced. 
The closest contact malDtained between die 
Director of R.E. EquipitieiU and the Heavy 
Steel Products Department, so that Controk 
knowing immediately each programme was 
set I led and each contract approved, could pliiii 
its production and allocation to the best advan¬ 
tage. Contact was also made with the Chief 
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Inspector of Elrctiical and Mechiuiical Equip- 
Tncot on questions of quaHiy and speciiicadoii. 

The ninDbcr of firirt& rolJing high-tcCiik joists 
and sections was increased from four to t6^ 
and each maker was requined to give a weekly 
staijeiTKfTi of pmdQciion+ so that the monthly 
roLling alJccaiions could be controlled and 
maintained. The parent fabricators were 
in constant touch with the Heavy Steel Products 
Department to keep check on the quantities 
demanded and to make up ddicieneies where 
necessary^ It was only by the setting up of this 
machinery that the Iron and Steel Control 
was able to assure deilverics of between S^500 
and 9,500 tons a week of high-tensile steel 
channels and JoIseSt enable the R.E. Equip* 
ment Ptuductlofi Brancli to meet all War OJfke 
requirements. 

It is worth noting, mcldcntallyp that the fullest 
co-nperation of the workpeople was material ly 
heip^ by arranging demonstrations at which 
those who made the steel could see the bridges 


being actually handled by the troops. It has 
already been mendorLed that the accuracy 
lequir^ both in quality and in the profUes was 
coHiiiderably hner than in normal practice. 
There w^as sometimes a tendency— tinderstandable 
enough—to consider the Army “ Gjmkky " and 
unnecessarily severe in their limits. When the 
workers—and manaiemenis—had seen the erec¬ 
tion of the bridges and the loads they had to 
carry^ they appreciated the reasons for precision* 

This is only an outline of the steeJ industry's 
part in the Bailey Bridge programnie, but it may 
ill usT rate the effect of demand on production pd 
what is involved in providing the steel for just 
one important type of E>qiiLprc5eot- And it must he 
remembered that the same son of adaptation and 
organ tiaiion has been necessary in many other 
fields* 

One company also played a vital part in the 
construction of the invaision harbours. One of 
ihCEr largest constructional shops was laid out and 
equipped for rapid mass production of highly 
specialized Boating hridge work^ and for almost 


Teeming steel from a M-ioti 
tfljiie into moulds^ The picture 
was taken a British steelworks 
where scinw: of the productu of tht 
couatry's coUectioo of scrap 
metal emerEcd in the fomi of 
hJgh-gmde strel. 
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six moniha ihc^- operated day and night shifts add 
week-end working. 

The most urgetit call upon iheir lescmrccs came 
in ihc middle of April, 1&44, w hen they w^ere asked 
to accept the responsibility of coordinating the 
work oF buildidg the “ Whale " or pier-head 
equipment for “ D Day," which bLiilding was 
tradsferred from miliiary lo civiliad personnel, 
After aa appeal to the whole of the strucLixraS 
Sled industry this vital task was put in hand w ith- 
out delay under the cjKcculiv’e direction of the 
company’s constructionaj oflkiaJs and iinished a 
few hours ahead of schedule. 

Another firm supplied 15,0(30 miles of tubes to 
the Admiralty for defence purposes and over 
1,000 miles of water-mains for laying in the 
strccis of our principal towns. This company also 
had produced before the end of 1944 50,1300,000 
shell forgings for the artillciy% in particular the 
15-pOLinder and O howitzer. Forgines for 
25-pounder shells were produced at a rate varying 
between dve and seven a niidute. Another com¬ 


pany rolled over 9,000,000 tons of steel during the 
sauKs period at a rate of nearly four tons a 
nunuie. This was mainly for ship plates used on 
the Clyde acd in the shipyards elsewhere. 

In ail* the iron and steel industry produced and 
handled a grand total of 8fi^<300,000 tons of steel 
during ihe war ; of this 14,000,000 were Im ported 
and the rest manuraciured at home. During this 
period the industry mined and used lOl.flOD.CkOO 
tons of Iron ore, and approximately 5,000,000 
loos of scrap was obtained from three great scrap 
collcciioos—ihe national survey, which produced 
over 3,500,000 tons * steel scrap recovered from 
'"blitzed"* buildings, which provided, approxi¬ 
mately, 600,000 tons, and ntiliRgi, whi^ also 
amounted to about 600,000 tons. During this 
period the smiistics covering the reLniionship of 
demand against supply show that La 1941 deliveries 
met 92.6 per cent, of allocations, in 1942 96.1 per 
cent.* and in 1943, the hipest consuming year* 
100 J per Gcntp, while in 1944 the figure was 9S.I 
per eenu This is a record of which any Industry 
might well be pmud. 



A photograph taken in a steel 
rndting shop. ]i shows ingol 
moulds and also in^ats stripped 
fruai ihc moulds. Durifig the 
war 72,000,000 tons of sled were 
maniifaetuied in this country, 






Tlie Struggle for Raw Material 

About half the Brilhh si^l induair^'s pre-war 
productirm liepcddccl on imported raw materials, 
and that half included ihc Riccis most vitaJly 
needed for war. Tlie plants were in the main not 
suited to an Increased uic of native or^. which 
arc mostly low grade, with only about half the 
iron content of those we obtained from oversea 
and with a hi^h proportion of phosphorus. It 
may not be appreciated that, apart from iron, 
coalp and ferrosUicom other materials are needed 
in {;imntity for steet-niaicing, none of which is 
produced in Great Britain. The countries from 
width they came normally were largely overrun 
by the enemy or otherwise cut off. Moreover, the 
shipping position for a Jong time imposed limits 
on imports even from accessible sources, and 
supplies of foreign scrap were reduced and 
finally almost eliminated by July, 1941. 

Raw- materials have, therefore, called the tune 
to the whole steeE industry io wari imping ng, for 
example, on transport, because of the need for 
canning intcmaily a greatly increased native ore 
trafiSc, and on steelworks practice, because it was 
neecssary to adapt plant to handle iron of high 
pliosphoms content uad because new steels had 
to be devised to eeonomizE alloy substances in 
short supply. 

The industry has never been under any LLliision 
about the vulnerability of its supplies, and by 
the ginning of 19311 a survey of the steel 
position in the event of war had been completed. 
As a result, individual companies were urged 
10 build up their stocks of all raw materials to 
the great^t possible extent, and id February 
of that year the Government were pressed to 
tidance the laying down of an emergency stock 
of 1,000,000 iom of pig iron. This was turned 
down by the Committee of Imperial Defence. 

In September, 1938, new representations were 
made for the fmaticing of 500.000 tons of Swedish 
ore as additioniil stock, and when this proposal 
was also rejected it was reiterated, the industry 
urging also that a like quantity of low phosphoric 
ore should be added. The Government finally 
agreed in August, 1939—too late, A good deal 
had been done, however^ by' the slccl companies 
themselves, and on the outbreak of war the 
stocks held were considerably higher tlian normal. 

During the early monthfi of the war the supply 
position remained fairly easy, for the nation's 
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iddiitstry was ^il expanding relatively slowly^ 
and during this period considerable imports 
Were secured—where neutral countries ^vere 
concerned often by economic warfare"" buying, 
designed as much to deny the fnaterial to the 
Germans as to supplement our own resources. 
But ns soon as the attack on Noway wm 
launched there was no longer any doubt of the 



A acagfi in tbe raokiiLg of a raitway carriage sprinE 

The workers are bending a ted-feot leaf to shape. 

juslilicaticn for the industryforebodJngs. 
Annual imports of ore from Sweden aionc 
amounted to several million tons. 

After the fall of France the riiuaiion was 
even worse, the stcclw^orks having by then lost 
the greater part of their normal sourc4^ of 
supply, and the subsequent conquest by the 
Japanese of Burma and Malaya added fresh 
diBlculties by cutting off the most important 
sources of tungsten. As British industry' awoke 
TO a feverish activity, the stocks that had been 
bihlt up stood us in good stead until alEemati%'es 
could be found, but even so the posiiion was 
serious. 

Apart from the desperate cxpirdieot of breaking 
the Nazis" blockade of the Baltic, the raw material 
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problem was met by technical mgenuity and 
economy^ Tbe lumover to a greaier use of 
native ore presented primarily a study in trans- 
port, for there was no imuperabie difficuliy' in 
increasing the output of ore, which was. in fact, 
approTtnnalcly doubled. Tbe modifications in 
works practice, furnace design, and speedkation 
to make possible the use of high phosphoric 
ores presented a much more complex problem, 
but it is not practicable here to go into the 
technical queslions involved. One Ejuimpte of 
results must serve to indicate what was achieved. 

It was especially essential to reduce materially 
the use of hematite pig irnn^ which is principally 
a base for alloy steel making- At the beginning 
of the war we were consuming 34^000 tons a 
week. By culling out the use of high-class 
hemadte altogether from the iron castings 
industry* which formerly iwed onc-tMrd of the 
LOtaJ, ^ subaiJiution of other types for oxidising 
ores, and by replacing the use of hematite with 
pig iron containing a high phosphoric content 
very larip: savings were made. By 1942 weekly 
consumption of hematite pig Iron had been 
reduced from 36,000 tons to 24.000 tons, although 
tbe output of alloy steel had trebled in the same 
period. 

One of the mosl important measures to cope 
With the raw ^material crisis was undoubtedly 
the development of every possible source of 
scrap in the United Kingdom, particularly since 
the cessation of supplies from America^ which 
up to the end of 3941 sent us about 500,000 
tons a year. Scrap helped to solve the industry's 
problems from several points of view-. Properly 
sorted—and sorting became a matter of the 
highest importance-^it provided a source of 
Jow phosphoric materiaJ. Moreover from 
normal scrap about 95 per cent, of its own weight 
of steel is obtained, so that the difficulties arising 
from ihc use of iow-grade native ores were 
mitigated, and this in turn economized in the 
consumption of fud, which was in short supply« 
and also saved transport. 

The scrap merchants^ through whom the 
material is normally bandied, did a good job. 
In 1937, the peak year of stecJ production, they 
handled 3,500.0® tons of scrap, ti J94J, in 
spite of labour shortage, black-out, and other 
war troubles, they increased this by 250,000 tons. 
Nevertheless it wiis clear that the industry could 
not rely on their efforts alone and that a national 
campaign w-as necessary . 
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At t'hk juncture the enemy provided some 
assistance, for the dEstruction of property of all 
kinds by bombing made avadable great quantities 
of valuable material that woidd not otherwise 
have been obtained, .Anyone who was in London 
during llie early days of the blitz wiU remember 
that for a lime the debris accumulated faster than 
it could be cleared; the.Iron and Steel Control 
were interested in the steely and in coopenitlon 
with tbe Regional Commi-xsiancr, whose concern 
was priinajily with street clearance^ they sought 
means of speeding up .scrap collection. It was 
soon apparent that the difficulty was mainJv trans- 
port. There was sufBcietil plant and labour to 
extract the scrap and cut it up, but it could not be 
got away to railhead sufitcienlly quickly. The 
area was divided Into two sections and transport 
experts were called in. who devised a new scheme 
with special road-haulage arrangements to con¬ 
vey the material to railhead. In a very short dme 
the iron and steel scrap ckaraoce w-as raised from 
3,000 tons a week to no less than 15,000 tons a 
week, and the railways, in .spite of their mani¬ 
fold difficidtEes at that time, did their part, carry¬ 
ing it to scrap merchants who had sorting 
faeiJities, to steelworks, or to dumps for stock. 
Out of the total of about 600,000 tons of blitz 
scrap collected in the whole of the country^ nearly 
half came from London, and by the middle of 
1944 all but about 5 O 5 QOO ions of that 600,000 
had actually been meltfjd. 

A National Survey of scrap resources was 
carried through in the midst of bombing^ and it 
coverEd evciylhing that could be converted into 
scrap—dErelitrl raUways, disused bridges^ re¬ 
dundant phuit of all kinds. Of the total scheduled 
2,5®*000 tons has been cleared : of 591,000 tons 
of tramlines 522^000 tons had been melted early 
in 1944, The total blitz and emergency scrap of 
all kbd^, including local authorities'^ salvage col¬ 
lections, amounted to about 4,000,000 tons, and 
of this by mid-1944 little more than 76*000 tons 
remained in stock. 

The public accepted willingJy and philoso¬ 
phically the inconvcnJctice caused by the sacrifice 
of gates and railing, but there was at the time a 
good deal of feeling about the apj^at failure 
to make use of them. This material, like blitz 
and other classes of non-recurring scrap, repre¬ 
sented a draft on capital, and the fact that it was 
to be seen lying about in dumps mfani only that 
stocks Wert being built up against future needs, 
!□ the same way scrap that had been scheduled 
in old factories or derelict railway lines might be 
left in situ until they were wanted. Tlie high pro- 


portion tlmt was bears witness to Uw 

soundness of ihe pol^ that was followed and \o 
ttie necessity for aocumiilaLlQfi stocks. 

The war-time part played by ^rap may be 
illustrated by a few more figures, for the output 
of steelworks 50 per cent, of scrap has been used, 
steel fouDdries 75 per cenu. iron foundries 50 per 
oaii., wrought iron works SO per oent.^ and 
fined pig iron 60 per cent. Induding the quanti- 
ties handled by merchants, but excluding works 
or process scrap (the wa^e material occurring 
in factories during mantifacture), over 100,000 
tons of collected scrap were melted by the iron 
and steel industry every week. 

One further indication of the importance of 
scrap has been the organiiciilion of n department 
of the Iron and Siccl Control for marine salvage, 
Althou^ the majority of the recogni 2 M;d salvage 
ships were not available, various vessels were 
converted for the purpose—old passenger furies, 
dredgers, &c.—and crews were trained in the 
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difficult technique of salvage. In four years 
more than 350 ships of all types from liners to 
small tugs were dealt with, often under the Tno«st 
difficult conditions, and many thousand ions of 
valuable scrap was made available, in addidoo to 
the cargoe;s which were also often rescued. 

An kitemstiflg example was an unloaded 
American Liberty ship of 8*000 tons gross, which 
early in ll?44 was driven ashore cm on expensed 
island off the west coast of Scotland, and wWeh 
the United States War Shipping Administration 
handed over as a possible source of scrap^ She 
lay heavily on the rocks, with the stem broken 
away, at a point inaccessible from the sea and 
baieJy accessible from the land. It was deaded 
that the only course was to build a steel scaffolding 
jetty with a Light railway from (he island to the 
ship. Although this was over 500ri. long, it was 
completed in less than three weeks, and opemiions 
went forward uninterruptedly- In spite of the 
temporary' and apparicnily flimsy nature of this 
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structure, it sticcesiyfully withstood the heavies 
weather. 

This wreck offered an instance of an incidental 
service to the war efForl provided by salvagc^ 
Anoiher Liberty ship on passage to Britain from 
Russia suslamcd serious damage to her engines 
and needed a complete new Jow-pressure installa- 
lion weighing over four tons, A signal was sent 
to the salvage workers, and they succeeded in 
recovering the unk from the wreck, so that h was 
avniiable at a British port in less than a week to 



Woraiffl steelworliers in Lhtcir wnrkins outfits. Tliese 
two operated a machloe for punching hoks in plates. 

await the arrival of the damaged vessel. Many 
other similar cases could be quoted^ and this 
work, demanding high skill and ingenuity' under 
the most dJMcLJlt conditions, has been of the 
uunosi value in saving time, labour, and tnatcrial. 

This brief review of some aspects of the struggle 
for raw materials obviously leaves a great deal 
unsaid. No reference has b«n made, for instance, 
to the negotiations with foreign coujitries for the 
supply of vital materiab^Turkish chrome ore, 
Spanish and Ponuguese wolfram—nor to the 
development of resources Ln Empire and afiicd 
countries. And ihc Raw- Material Branch of 
Control has had to deal with such matters as the 
supply of limestone and lime, of refractories^ and 


of ekclrods, which are essential for the pro¬ 
duction of alloy Steels in electric furnaces; with 
the complicated organization necessary*^ to ensure 
sufficieni stocks of each material at the right place 
!o suit the individual needs of each steelworks. 
But enough may have been recorded at least to 
show^ under what great handicaps the industry 
worked. The measure of success is that no steel¬ 
works w'as fdJe for lack of raw materials. 

Changing Phases 

The true evidence of the Brilish steel industry's 
success in satisfying the exacting denmnds of war 
is the plain fact of the nation's rearmament. In 
the House of Commons in March, 1944, the 
Minister of Production gave some ligures of 
aggregate output for certain weapons from the 
heginnsng of the w^ar to the end of 1943, Quoting 
such totals as 83,000 tanks^ armoured cars and 
carriers, more than 1,000.000 unarmouied vehicles, 
115,000 guns of calibre larger than lOmm., and 
liOjOOOjOOO rounds of ammunition for them. 
Add the steel needed by the factories producing 
them to the great quantities actually con rained in 
these and other requisites of w-ar, and one may 
gain some idea of the scale and complexity of the 
task that was SLicccssfulJy yndertaken. If it had 
not been sucossfully undertaken the weapons 
would not have b^n there. From the battleship 
containing perhaps 40,000 tons of steel to the 
radio component with its fraction of an ounce 
of bright strip, paper thin, everything for war 
needs steel. 

Cut off G:om four-fifths uf its normal raw 
material supplies, the industry had to secure its 
output from inferior ores, and to meet, in spite of 
shortages of critical constituents^ constantly 
varying war needs which requited extensive 
changes from peace-time working. It had ED do 
all this, moreover, within easy range of the 
eneniy's bombers, and that involved, among 
other things, the Herculean task of blacking out 
GompkrtEly every steeEworks and blastfurnace in 
the country. FinaBy, it gave to the forces the 
greater part of its young men and operated with a 
hi|^ pcTicentage of older workers, unskilled 
recruits, and women. Bearing in mind these 
difficulties, whkh are dealt with later, the main¬ 
tenance of produclioa at a level near the pre-war 
peak may assessed at its true value. 

The British steel industry, then, in spite of 
severe handicaps, succeeded in supplying the 
materials for Britain's great armament pro¬ 
grammer How did it suc^d and why? 
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In [hfi first place the most comprebensive 
control was exercised al every point over raw 
material supply, steel production and oon- 
smnptiDiL As l 0 Di$ ago as 1942 the MinisCer of 
PfoduetioD could state that only 7 per cent, of 
steel produetjon was going to civilian needs, and 
to devote 91 per ecot. of output to war purposes 
means the elimination of all non-essential usage. 
Althou^ the United States had not then had 
the same opportunity of gearing Its industry' to 
war* and the comparison is iherefore less than 
fair, it is w'orth noting that their percentages at 
the same date were for civilian consumption 
and 40 for war. 

Secondly^ raw' material difRcuJtles were par¬ 
tially overcome by the greatly increased nsc of 
home low-grade ores, by the finding of new 
oversea sources for essential materials in short 
supply, by the evolution of steels that met 
requirennenls while using smaller quantities of 
the critical constituents, by stringent economy, 
and by intensive scrap campaigns. The traditional 
knowledge and skill of tnauagernerLts, sseel- 
workers, and metallurgists made possible the 
solutino of the many acute technical problems 
that constantly arose. 

Thirdlys the .‘structure of the Britfsh industry 
lent itself to fiexibiliiy and adaptation British 
Steelworks have always catered for the customer 
with special requirerrtmts and taken a pride in 
being able to supply steel for any purpose what¬ 
soever, Their c-xperience enabled them to meet 
every change in war-time demand with the 
minimum of delay and dislocation. In this 
respect the British industry enjoyed marked 
advantages over those of other countries. The 


dilTereiices in the structure and aptituiics of the 
British and AiDericau Steel Industries benefited 
the co iTim fin cause after a high measuiv of 
rationalization bad been achieved in their rela- 
LionSi because it was possible to make their 
capacity in many ways complementary. 

The turning over of a great industry from 
peace to war is primarily a problem in organiza- 
tioUp and with such a fundamental material as 
steel the changeHJver must be rapid. Speed is 
difficult when a new system and new machinery 
have to be created from the begirmiug and run 
in, and ellectivc control could never have been 
e^tabiishcd as quickly as it was without the pre¬ 
war integration of the indLL^tiy. The steel indusEiy^ 
through its official representatives, was itself 
entrusted With the task of ensuring that supplies 
for the war nlfort were forthcoming. 

The great number of steels that are needed 
for the various purposes of war has already 
been mentioned. Not only must steels of the 
right analysis be available, but there must be 
the plant to process the required quantit>' of the 
product. For instance, if demand is for strip 
of a certain thickness^ supplies of the ncccssarv' 
steel wnll not alone solve the problem unless there 
Is also the capacity tu roll that particular kind of 
strip. 

The difficulties were made more complex 
because the nature of demand has changed very 
greatly from time to time, and has never been in 
line with the normal requirements of peace-time* 
After Dunkirk, for example, there were great 
alterations in the types of steel needed, and in 
priorities. More rrccnily the walerprooftng of 
tanks and other vehicles for the rnva.sion of 
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we$lmi Europe demanded (he temporary con- 
cenlratJOR of the wnoLc of the shcei- 

roliing industry in BntaJn cm one of me greatest 
rush jobs of the war. Night and day» 230 facjtorics 
wexB engaged on the laslc. For when the finai 
plans were eompleie there was available onJy 
a quarter of the time necessnry to do the work 
under normal conditjons. 

Furtiicrniorc the raw mateiiaf situation was 
in a constant state of flux, Thete was first of 
a[l the progressEvc cutting off by enemy actEon 
of most of the normal oversea sourees, the 
various stages in the position of American 
imports dictated by their own prodtictioo pro- 
gramme^ and always the Limiting factor of inuvs- 
port capacity—internal and seaborne. On the 
railways particularly heavy burdens were placed 
because: increased quantities of home ore had 
ID be carried long hauls—from the Midlands, 
perhaps, to a Scottish steel works wliich had 
formerly drawn its supplies from a port near by. 
Three thousand 20-ton trucks were built for 
the carnage of iron ore, 450 or more special 
iron-ore trains were run every week to carry 
250,000 tons of injiierial for the irem and steel 
works. 

To maintain steel output and meei the changing 
demand therefore meajii a consiant juggling 
with four major problems—chaugos in methods 
of manufacture; research to secure suitable 
substitutes; provision of steels with mjAimum 
economy for new jobs; and distribution. 

Before the war there was a period during 
which the steel industry^ knowing iisclf lo be 
as vtilocTable as k is cssedtUiai, sought to prepare 
against eventualities, and in the face of offidal 
discouragemeut succeeded at least in incitasiug 
its crilical stocks appreciably. 

From the outbreak of war to the unloosing 
of the German attack on Norway was a phase 
of preparation Emd drganucatidtL With the nation 
only half at the demands of die munition 
iudusiries were much lighter than they became 
later, and most oversea sources af supply 
remauied open. The end of this period saw the 
inaugujatiou of the distribution schemr - the 
chief step in ^tabhshmg steel as a precious 
war comiDDdjty to be used for nothing that was 
not essential- These early months saw the 
purchase, through existing coniacis^ of valuable 
supplies of steel from oversea. 

The next phase embraced Dunkirk iind the 
all of France, and may be said to have ended 
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when ‘‘ cash and carry^ gave pEaoe to lend- 
l«5c/' In k an alto^ther new urgency of 
demand comddtd with an accumuiatidn of 
dJfhculiies. The acccleratiDu of every war 
industry to mset the emergency came at a 
mumenl when most normal sources of raw 
materials had Lkcu Idsl^ when U-boat warfare 
threaicmrd our iTemaiAMg iraporti, when the 
EDuntry was under first the shadow, then the 
realtty, of air attack^ and when the export drive 
wai still needed to obtain Lfic foreign exchange 
we must have to buy abroad. The distribution 
scheme come into edbet and played an important 
pan in helping the indusiry to meet its com- 
mitmeuts. it produced at first a cut in civilian 
Epasumption greater than the rise hi w^ar demanck 
and therefon; increased the quantities of steel 
ai works and stockyards by 1,000.000 tons— 
an invaluable reserve. 

The period that tollowed falls between the 
introduction of lend-lcasc and the point in 
1 &42 at which the Minister of Production ccrnld 
say that Britain was at least within sight of full 
produciion. It included the entry of Amcriisi 
into the war and the progressive rattotmlization 
of the steel industries of the two countries. 
While there had been time to devise altematives, 
I'resb raw material difficulties were created by 
the Japanese conquests in the East, and in 
particular by the .loss of vi tally important niogsten 
supplies rmin flurrm and China. Tbe P^ffic 
war again invoEved changes in the nature of 
demand,, while inteiL^Efied submarine atLacks 
further stretched shipping rcsouices. 

Jhi: last pl^ was a period in which the 
British arms industry' attained full produciion, 
ui which the basic cquiprnant of our forces 
was compleied but in which at the same time 
the change-over to the offensive meant alterations 
in demand. These years included for exaniplc, 
special (nTipha.sj.s at difTcrent tifciGs on the con¬ 
struction of escort vessels and anti-submarme 
equipment, aircraft production^ acrodnjine con- 
struciion and equipment for American foroea 
in Britain, landing craft and other necessities 
for the offensive. Internal transport problems 
were lattcriy further complicated by the added 
strain of invasion preparations. This phase 
was characterized. In fact by the need for a 
measure of adaptability even greater than before, 
by the realizatioo of earlier researches m the 
production of new weapons*and madiitics— 
rocket gurut, for example, and jet-propelled 
aLToplones—and by the completion of the whole 
industry's adjEistment to the ptuposes of war. 
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ELECTRICAL INDUSTRY'S 
EXPANSION 

T he Fini World War shewed how important 
the elective supply of electricity ^ind the 
provisiod of the noccssary -equipment to 
use It wcfie for the successful prosecution of the 
war itself. Even iheUt the dependence of the 
entme wilr machine on electrLcity was understood, 
and fim among the jKJSt-w^ar reconstruction 
schemes was one which aimed above all at pro¬ 
viding a rerisouahly safe national supply. 

The second war meant an immense e^p^msion 
of electrical senice, so much so that at almost 
every phase the struggle In the actual conduct 
of hostiiilies, so far as it depended on science 
and the provisioo of the necessary technical 
equipment was one between the Eritish and 
German electrical industries. The 40,()00 mi[|jort 
units of 1*^44 companid with the 2,500 million 
units generated in 1914 are only a slight indicatLon 
of the mimenscr incricase in range and responsi- 
biUty of the electricaJ supply and manufacturing 
industries. A bare list of specially designed 


equipments would fill se^'eral pagns and still 
afford no real iiHfication of enterprise and 
achievemenL Still less would it illustrate the 
inveniJqn and resource of the manuracturers 
themselves when confronTed with what appeared 
to be insoluble problems or the speed with which 
they reacted to new developments w^ortced out 
by a cunnJng and resolute enerny- 

In the game of chess on which so much 
depended for the successful outcomG of the war 
the Government, aided by research sciendsis 
and engineers^ made few false or belated mov'es, 
and it is a remarkable fact that preparation for 
this contet began not in 1939, but as long ago 
as 1934, For the elecmcal maQUfacturers the 
war lasted not sis hut 11 years, and the greater 
part of their contribution falls within the period 
193+40. 

The bdu^try had an equipment of msearch 
laboratories and development shops not only 
adequate for its own purposes, but able to absorb 
additionuJ tasks imposed on it by the Govern^ 
meni. The great labomiories at Traffbrd Park, 
under the control of a man of genius, and at 
Wembley and at Rugby linked up intimately 
with a vast manufacturing compleK, were supple¬ 
mented by Jahoratories and test departments 
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□Vkned by specialist &ntis, as ot Hollinwood and 
Bdinburgh, and the entire system was brought 
into play and kept constantly active before and 
during the war. 

It is neoEssary to emphasize this pointy since 
the special research executive evolved by the 
CovemmEmt, where technical experts from the 
Serv^ices handed over Iheir problems to the manu¬ 
facturers for solution, could not have worked 
without it. The answer to German w^ar expedients 
and inventions, from magnetic mine to V2 bomb, 
wa5 invariably and immediately found. The 
further process of translating rEStarch data into 
commercial and large-scale manufaciurc was a 
simple mauer of selection of individual firms or 
groups of firms. Occasionally ^pecifcaiions, such 
as that of the radjo-directed automatic tank^ were 
not capable of easy realbation in the workshop^ 
at least within the time indicatedr but the Govern¬ 
ment showed wisdom in ailowang firms lo keep 
their research experts and ihc Serv^fces were not 
over-scdlsh in collecting setentisL and specialist 
engineers from the firms. CoopcraiLon between 
Government departments and individual firms 
was, on the whole, extremely successful- 

One can divide the war effort of the electrical 
manufacturers into possibly five divisions 
(E) Maintenance of the economic cirDit of the coucury 
jipart rrom war production- 
r2) Increasing ihe war indusuial polealial. 

(3> Direct war activity cuid tbc supply of material. 
(4> Improvement of lie technique of war. 

(5i Assistance !□ hlliet in all four phases rncnticncd 
^hovc. 

While it is true that at the highest concentra¬ 


tion something like 70 per cent, of the national 
production w*as devoted entirely to war produc¬ 
tion^ Ehe remaming 30 per cent, had to be effi¬ 
ciently and adequately supplied with electrica] 
energy. The great public utilities and services 
had to be kept going. This meant that the re- 
qujremcnis of the Grid in generating plant, 
iransformers, switchgeir, and control equip¬ 
ment generally had to be met with the minimum 
of delay^ the great reserve pool of meebinery 
and equipment had to be stocked so that trans- 
famting and switching stations could be repaired 
at ODce and desirucfion of power plants made 
good. We know now that concentration of power 
production in a few big stations had to give way 
to a policy dF diTTusion over a much larger number, 
private mdustriaJ plants were brought into the 
systemK and a considerable duplicatJon of trans- 
mission and distribution systems carried out. 
in addition, provision of standard generating 
units and the actual equipment of flew stations, as 
at Reading, had to he met. During the worst 
time of the bliiz electrical service had sufficient 
material to make good destruction and maintain 
supply. One hrm supplied 1,833^000 kilowatLs of 
generating plant and 2,332,000 h.p, of electric 
motors- 

On the other hand, the rnanufaettue of con¬ 
sumers* apparatus such a.s electric lamps, fires, 
cookers, boiling plates^ radio sets, refrigerators, 
and vacuum cleaners had to be severely re- 
strtcled and lu all intents and purposes abacL'^ 
doned- Even so, the physical existence of a very 
large number of electric fires reduced to man¬ 
ageable proportions the hard^ip imposed by 
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fuel shprta^ on Ihe civilian population. Small 
engines rrquirod for direct drive or for local 
electricity generation had to be produced in 
immefise quantities to aid in the disper^ pf 
indusErial production. 

it is, however^ in the second and tliiid cate¬ 
gories that ihc great achJes^ement pf the Industry 
stands out. The terridc problem of decentralii- 
Ing war indtistries was quite insoinbk without 
the Grid system and the manufacturing resources 
of the electrical fims- TTte creation of subsidiaries 
to Woolwich Arsoial in South WalK, Lancashire, 
North-East England, and ScotlautL of no less 
importance than the present institution^ the 
designing and construction of shadow factories, 
principally in 1937 and 1938^ the daboialion of 
dew munitions facloiics over an immense area 
from London to South Wales and South and East 
Scotland with amenity buildings, hostels, can¬ 
teens, and houses, and iJie rapid expansion of the 
chemical and explosives industries (one electrical 
firm supplied over l4tl.OOO h-p- of machiiier\^ to 
one group alone), brought into play every element 
in heavy and light electrical engineering—not 
merely the compfete instaliLation of independent 
power plants, the supply of control apparatus 
to link up with the Grid, or extensive consumers' 
material for iLghdng: cooking, and hciitins, but 
also a wide range of motors activating machine 
tools and following out complicated industrial 
proDcsscs. [nduCEion beating and dielectric heat¬ 
ing were developed to an astonishing degree, the 
latter in the making of moulded products, the 
manufacture of aeroplane propellers out of resin- 
bound ply-wood and, experimentally, in the 
diying of textile yain^ the drying and stcrilii'a- 
Eion of grain. 

EsscniiaJ industries irconceivahle without low- 
cost electricity and enormously powerful electric 
heating furnaces came into existence—^abovc all, 
magnesium* light alloys, and aluminium, .special 
heat-treated steels. The mechaniTation of coal¬ 
mining. open-cast working both in coal and iron 
ore, the maintenance and extension of services on 
electrified mil ways, the provision of Diesel- 
electric locomotives on new railways in con¬ 
quered areas^ extensive dock-handLmg equip¬ 
ment, not least on new^ pom in the south of 
Scoiland and on the shores of Normandy, brought 
new tasks to materials handling and transport 
departments. 

In the third category it is not easy to sort out 
purely electrical from non-electrical contributions. 
Ah electrical firms were alike in not confining 


their work to purely electrical products. They 
not only provided the wiring and other electrical 
gear for aeroplanes, but assembled the complete 
unit. Orire firm in Manchester erected a new 
facEOjy for ihis purpose in the spring and summer 
of 1939 and by the end of 1944 had passed more 
than l iOW heavy bombers through it; a second 
firm was cesponsible for an even greater number 
as well as the manufacture of engines for high¬ 
speed fighters, A fair estimate would credit to 
the industry hait of the heavy bomber output of 
the country and a high proportion of m^ium 
bombers. A similar contribution can be found in 
tanks, rolling-stock, and transport vehicles, but 
the most original c.xamplc came from an Edin¬ 
burgh firm, which supplied dead on time the pier 
pontoons or Whalen required for the Mulberry 
prefabricated harbours at Airomanches. 

In another chapter the story of the invention 
and supply of radio-location equipment is told^ 
but JE should not be rorgoiien that from the first 
sets elaborated in 1937 at Trafford Park to the ’ 
immense production of the new factories at 
Manchester, Peterborough* Northampton^ and 
Leicester ftadar was associated with the electrical 
engineering industiy' and sdLl remains its most 
spectacular achievement. The evolution of the 
jet-propelled aeroplane from 1936 onwards must 
be credited largely to a Rugby firm. 

There was not a single detail of major equip¬ 
ment in the wade range of aeroplanes evolved 
during the war which was not manufactured in 
buik^ developed or actually invented by the 
industry. A single quotation from the fist pre¬ 
pared by a firm at Rugby may suffice 

65.000 sets of pans far s'L^cmbly of major aircraft 
magnetos. 84,000 aatn-iiming devices, 34,000 aircraft 
motors and gciicnitar&t 50,000 engine-driven air com¬ 
pressors^ 15,000 regulator valves, 1,400 aircraft 
camcrjjj (a second firm at Hcllirtwood was responsible 
for practiL-aJly ail smincra control units). 50^000 bonsb 
slips. 

The sante group supplied 1,250 Radar equip- 
ments, including 700 for the Army, while an 
associated group manufactured, in addition to 
protot^-pes, an even greater number* The fatter 
specialized also in the design of autamatic pilots. 
One can select from a bewildering variety such 
things as turn indicators, distant re^ading com¬ 
passes, gyro gun-sights for fighter aircraft, mean 
altitude measuring apparatus and sirens for 
screaming bombs- 

Aerodfomes and anti-aircraft defence generally 
brou^t into play the varied resources of the 
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indiisio': ^'roni generating pl^ts, mpbile search¬ 
lights special hEiiting schicmcs to the mmi 
delicate coatnol mechanisiri on the Aj\. guns 
themseivcsv The spectacular claims made in 
cockoexion with the use of infra-red niys by 
Germany could be transferred to British firms. 
The study of sound location carried out ai 
Trafford Park during the first world war was 
carried to such a standard of perfection that the 
location, elevation, and direction of suspected 
aircraft w ould be established by means of locators 
supplied to the antiy as ear!y as 1936 ; aeroplanes 
could be aware of submarines charging bat lories 
at night Lterally hundreds of miles away and the 
coonltnaUou of fire control and sound location 
with other methods of detsetion ensured the 
destruction of the Italian fket. for example, at 
Matapan, without the British or Tmlian fleets 
seeing each other. 

The neutrahzation of the acoustic mine (as, no 
doubt, later^ the acoustic torpedo) involved the 
use of an apparatus sending out high frequnucy 
Bcou-Stic waves sufficient to explode the mine 
well in advaDCc of the ship. The early develop¬ 
ment of searchlights for the Army, of signalling 
lights and fighting searchlights for the Navy was 
supplemental by the use of Radar as a kind of 
radio searchH^t used to discover enemy ships and 
aircraft. One firm developed a searchlight ot 
1,000 milLIan candle-power. 

The Navy was supplied in many other w-ays— 
not merely with heavy machtnery for propuhion 
and electricity generation, but also an unmense 
range of detailed apparatus requiring the most 
delicate adjusttnents. One electrical firm supplied 
ail the lifts initalled in airci^t carriers, a second 
specialized in submarine torpedo detectors, a 
third concentrated on submarine motors. Some 
idea of the range of product can he derived from 
production by one group 

Two hundreii electric torpedoes, 10,000 mines for 
asreraft laying* l7,0tK> mine mechanism plat^ and 
<>'000 hydien s^vitchc*. SOO Duplex pistols for tor- 
p^oes^ 550 spednl depth charst cyliQders, 800 
osd.llatDrs fcir protection against ncousfic mines. 

An Edrn burgh firm mnnufactured thDusaruL; 
of compa.s^ corrector coils to otfsc the errors 
created by de-gaussiiig equipment for neutralizing 
magnetic mines, paravanes, broken floats, and 
Dan buoySp for minesw'eeping opcralioits. A 
Manchester factory, among other things, made 
g>‘ros for torpedo control and H.E. anti-aircraft 
projectiles incorpomiing parachutes and other 
gear to form a barragie ready to be exploded by 
enemy aircrafl- 


The story of valve design from [mmcnscly 
powerful tubes to the most minute incorporated 
jn fuses belongs elsewhere as well as that of the 
millions of shells, igniters, electric rammcis, 
Eiio-sights, range finders, ^ mounts, and 
elevating gear supplied direct to the Army and 
Navy, The converston of 18-pounder guns to 
25-potmders as early as 1937 allowed the Army 
to deal with the h^vicr German tanks in Lhe 
North African campBign. At cvef> stage the 
war became more and more completely 
mechanized in terms of elecmcity gun-sighting 
and firing became an exact scictkce with autch 
matic electric control substituted for hmnan 
fallibili^. 

In the last category' of all—namely, assistance 
to allies—(he electrical industry supplied new 
equipment for the mines and factorEis in the Doo 
Basin, generators and transformers for Stalin¬ 
grad.^ and a large number of mobile power stations 
moved along the railw-ays. One Trafford Park 
fitin supplied more than 50 such stations with 
capacities ran^g from 1,000 to 5,000 kilowatts 
and a second firm large motor fienerator sets for 
chemical purposes. Through them the Soviet 
could inake good the destruction of local power 
supplies. 

The lesson of the war reinforced without 
changing the lessons of the peace* Summarized, 
they may be stated : — 

(f) The higher the state of organization of an 
industry the more easily it lends itself to the 
demands of the State at war as well as the State 
at peace. GovcmnneTit departmcius, staffed by 
experts who know their business, can get out of 
iiidusiry all that they desire^ provided they enlist 
the finest research ability and administrative 
capacity employed by industry. It is no coinci- 
dence that the ekctrical manufaciuring industry, 
on its Tecord* one of our best conducted, should 
not only ho.\^ met the ordinary demands laid on 
it, should not only have doubted its nmnufactur- 
ing capacity to deal with highly complicated 
electrical equipment necessary for the conduct 
of war* blit should have imdertakai other lines 
of manufaciiire as well. 

f2) Without the great research departments 
in the induslry, the industry^ and the Slate would 
have been hclpkss. The war was fought out in 
lhe research laboratoriEs and British intelligence 
wniL The transition from the findings of pure 
research to the fabrication of prototypes, the 
dcvdopnienl of test producLv die segmentation 
of those products into mass production elements, 
the organi^Plion of groups of firms supplying 





Ihosc elements, and the ereciion of i^rest assembly 
factories were tairacles of or^anizatidn whkh 
should be continued in peace. The spread df 
orEanizatidti from one industry to another, 
eJtemplifiC’d at Traflord Park, at Rugby* and 
Coven uy^* so that a compkie range of appaniiu^ 
could be supplied at high speed is one which 
should be studied. 

O) [ncteu^ labour cffkicncy' w^as achieved 
not meinly by the establishmcni of joint pro¬ 
duction consuliaiivc and advisory committees 
but by the most exact study of individuaJ out¬ 
puts and examination of social and psycholo¬ 
gical factors. In other words, labour was treated 
with care as an essential to good production— 
not as a commodity or a piece of machinery^ 
Working conditions were not worsened but 
improved. The experience at Willesdcn, where 
the increase in output was achieved by a 10 per 
cent, expansion in factory^ area, HI per cent, 
expansion in personnel, and 23 per cent, increase 
in working hours, gives an indication of method 
and results. Two groups of firms had in 1933 
about 4,000,000 sLtuait feet of wort shops and 
in 1945 just over 7,000*000 square feet, but 
effective use of area was so great that outputs 
were considerably more than doubled. There 
was no labour dignity of any kind. 

(4) The technique by which an immense 
factory was erected at Trafford Park within 
seven weeks is one which merits examination 
even more than that of the fabrication of the 
Mulberry ports in Normandy, We know^ now 
that excessive delays in the latter aknost 
jeopardised invasion^ but the former was a 
straight piece of construction, with no com¬ 
plications of a bureaucratic nature. Examination 
of what happened in the eicciricaj industry 
should be valuable for the solution of the housing 
problem* 

(5) The capacity of industrial firms to recover 
from bombing is one of the minor wonders 
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of the war. In the Covtnlry area* under the 
control of a Local Reconstruction Panel, 63 per 
cent, of several hundred casualt> firms in the 
panel area, nearly 30 square miJes, were able 
to resume full production within two days of 
the incidenL At no time was war production 
serionsJy interrupted by bombing attai;ks. 

(6) It is difficult at this stage to determine 
w'hich of the war inventions or industries have 
a future in peace. The potentiahiics of Radar, 
of infra-red and other forms of light penetra¬ 
tion, of jet propubion* and air iupercharging 
remain to be studied by the light of further 
research. One development can already be 
seen. The provision of mobile power-stations 
has shown once and for all that the cumbrous 
and generally exeeedmgjy ugly and vmlnerublc 
Structures housing genciaTing plant are an 
anachronism. The waste of capital and effort 
involved in such erociions should be av'oidcd 
in the future with an improvement in efficiency 
and cost and less violation of natural amenities. 

(7) The last and most important conclusion 
is surely that the lack of 

should not be attributed to firms of the calibre 
of those in the electrical industry. The main 
scknlific and technical discoveries necessary for 
success Id the w^ar were made and worked out 
over the period 1934^1: no major advance 
took place after the autumn of 1940. 

The scientifK and technical war was won 
four years before it was fought out on the battle^ 
field. T'here is no space available here to givi: 
details, but together they provide a complete 
answer to any claim that only after 1940 was the 
war prosecuted with energy and efficieDcy. 
The elcciricaJ industry, within its ran^, did 
evolve and design the tools in good time. Their 
production in immense volume w'as a matter 
for Stale policy and Stale organization. 


A B.B.Cr sEilooacar 
recordine equii>- 
meni fibowrag the 
amplifier^ I he pewer 
supply unit and the 
turntable re¬ 
corder. Rccurded 
items have become 
iin brtpnrtanE 
feat me of wireless 
prngF amines. 






BHITJSH WAR t-RODUCTlON 

37 

UNSEEN VICTORIES OF 
RADIO 

R. CHURCHILL described radio as 
the heart df otLf war effort when, in 
he invited Sir Stafford Cripps lo 
become ehairtnan of the War Cabinet’s ^dlo 
Board. 

In peace-time^ however, even the most Icnow- 
iedgeabJe people, including those few who knew 
of our early w ork on • radiolociitlon, did not 
forcice the leading role that radio was to play ■ 
and when the war began the radio and iele%^ision 
industry, an mrani compared with the other 
armament industries, did not immediately feel 
any pronounced growing pains. Television, in 
fact, came to a slop so far as the public con¬ 
sumer was concerned. There were inerrased 
service radio needs, of course, but the war was 
more than a year oJd before the violent growth 
of these demands, coupled with the loss of raw 
nrtaterials and components from overeea, became 
suddenly appaieot. 

From then on every device w as used to increase 
the output of valves, components, and complete 
sets for the radio and radar war of w^its: and at 
the end of the five years and eight months of war 


in Europe the United Kingdom*s radio industr>' 
had grown to five times its pre-war size, measitied 
simply in the number of people it eniployed. 

That growth wiis accomplishtd in the face of a 
special difficulty which no other industry cx- 
perienced in ttie same degree: the necessity for 
secrecy about the actual articles produced, Euid 
particularly about the entire production of radar 
equipment. 

To the public, and so inevitably to the enemyj 
iL was apparent that such industries as tank pro¬ 
duction, the manufflctLife of explostvs, and ship¬ 
building were enlarged and active for war ; and 
the location of those industries could not entirely 
be concealed. The radio industry, however, had 
huge and unknown tasks lo perform at pressure, 
^ devetopnieDt rapidly followed on research, and 
producilon on development, without the whole 
picture being unneces^rily disclosed c^cn to those 
en^g^d m design and inanufacture. 

These tasks were accomplished partly by 
general dispersal of the industry, partly by 
separating factories producing related parts of the 
same secret equipments, and partly by improvisa¬ 
tion w^hich led both to the transfer of workers 
from unessendaJ industries and to the adaptation 
of factories which had been engaged on strangely 
different types of work—mills, garages, and even 
private houses and huts. 

In all, the industry produced, it is officiaLly 
caJculatt^, I2,DOO^OCX) separate radio equipment 




Among the of radiolocation to the Navy was lhat of direct ing fan: on lo the eiwiny''j5 ships md U-boats. The 
picture On the IcfL shows gunnery radar In a British cmiserr By this meani the range is iransmined iiutomatically to 
the guns. Right: A diagram illustrating how the position of cnerny vessels is luciUcd and indicated oa a screem 
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units for war purposes: it was manufacluring 
38,000,000 valves a year at the pcaJc period, com¬ 
pared with an annual 10,000,000 before the war: 
and the proditctiou of components, which arc 
reckoned to number a rough average of 20 to 
every valve needed, accordingiy reached astro¬ 
nomical figures. 

The general development of the radio and 
televLsiOEL industry can best be summarized by 
saying thai It had to sen c science at war by 
producing in industrial quantities apparatus 
which would have beeu of laboratory standard a 
(cw years before, and that this applied both to 
ihe oewly developed science of electronics and to 
more normal clecurical techniques. The continual 
trend in radar, for instance, hasicued and really 
iTLiide feasible by the invention of the magnc-iron 
valve by a research icam at Birmingham LJmvcr- 
sity during the war, was towards the transmission 
of greater pul&e power at ever shorter viaveEengths. 

Parallel development of communicJittons radio, 
and pirttcularly of very high frequency^ radio- 
telephony, used as a basis of a control ^stem by 
fighter aircraft in the Battle of Britain and sub- 
sequcutly for other purposes, was similarly 
c.iploriug the handling of shorter radio wave¬ 
lengths; in the V,H.F. system push-button 
methods of channer’ switching were used by 
the fighter pilots, who already literally had both 
hands too full to undertake elaborate retaining. 

Work on extremely short waves both for 
radar and for wireless communications was 
Lhereforc the principal field in which the radio 
industry Lindenvcnl considerable change. New 
techniques invoh'cd hollow wave-guides to direct 
radio-frequency power, in place of normal 
metal conductors, and tuned circuits so small 
and apparently simple that a mere slit in a metal 
plate could now S>e the equivalent of the elaborate 
condensers and solenoid coils necessary for the 
longer wavelengths of prev ious years. 

Apart from the experience gained by 
indtistry in making components and assembling 
sets to handle these higher frequencies and 
greater powers, the outstanding advance was 
undoubtedly in valve manufacture. Standard i?.a' 
tion has never been a strong feature of British 
valve manufacture ; though, in fairneii!^, it should 
be remarked that this very diversity may possibly 
have made our equipnienti— and panicuEarly 
0 ur experimental equipments—less susceptible 
to enemy prediction^ interception^ or jamming 
during the war. -At the cud of the war, more* 
over, in spite of continuous effort to classify 
and compare the characteristics of dlffercut 
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makers' types, the valve field was greater than 
ev-cr : there were 600 different types being manu- 
factured in the United K.ingdom for Service 
requirements at the tirne of Germany s defeat. 
They varied in size from the foot-long, weighty 
affairs used in the ground mdioit^tion tnms- 
iTiitters round our coasts to the tiny acorn 
types which have no separate bases or pins + 
and in complexit>^ from the magnetron and 
other types^p which contain so many ancillaiy 
circuits that they almost cease to be valves, 
to ihe ordinary diode. 

It is worth remembering that a tiny valve is 
essential to the locadon of an enemy land-mi ne* 
jind ihat many tanks carry three equipments 
usidg vaS^'eSj while wursbips and aircraft fairly 
bristle with equipment depending on valves. 
Smail wonder, then, that the output of normal 
valves for the cLvLIian pleasures and duties of 
war-time broadcast reception had to be left 
at a m siiri tfinajioc level from 1^1 onwards while 
ail these other types in greater numbers than ever 
before were being produced in both permaiKsnt 
and makeshift factories. 

Nor must it be forgotten that cathode ray 
lobe consumptioQ in radaj: equipment for ihe 
three services additionally necessitated an output 
of 360,0[)0 a year. Before the war the oscilloscope, 
as it wan then more generally known, was pro¬ 
duced in eompanatively humble numbers, in 
spile of ihc leading position held by British 
industry in the television world. 

The total coutribudon of the radio industry 
to victory hi Europe cannot easily he over- 
assessed, particularly ^inoe even now the full 
part played by radar has not been disclosed- 
Ii is accepted fact that, considering one aspect 
□fmdar alone, the U-boat menace was oeutralized 
by electronic devices, both airborne and s^- 
borne; that in direct consequence the invasion 
of Europe was possible by June last year; and 
ihat we as an island were accordingly delivered 
by the Allied Armies just in time from the 
impending blows of enemy rocket and other 
multiple artillery, which Mr. Churchill described 
subsequently in Parliament. 

Plainly the part played by radio, and so by 
ths industry w^ltich fought continually to keep 
design and production abreast of the scientists’ 
and the services^ demands, w'cnt even deeper 
than that. U was the radiolocation chain, secretly 
assembled before the war and coupled with 
V,H.F. control which gave us tactical supremacy 
in the Biitle of Britain, and developments from 
ihat chain which made night raiding too costly 
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for the LuTiv.'aife. It was radar aerial navigation 
and blind-bomblELg aids, mcludin^ systems both 
deptadins on ground stationSp such as " Gee/' 
■* Gee-H,"^ and Oboe/' and indfipendeni of 
them, such as H:^/" which made it possible 
for ns to strike back decisively and accurately 
at Geimany even before we invaded Europe. 
Equally it was radar which gave our coastal 
batteries and light naval forces warning of the 
approach of E-boats or mine-laying aircraft, 
and made it possible for a sea action between 
large warships to be fought as accurately in 
pilch darkness as in daylight. 

If thefie achievements alone seem major 
contributions to victory, it miiist also be 
remembered that more orthodox radio equip- 
mem was used as wcU in greater amounts than 
ever before to supply ships, aircraft, and soldiers 
with radar and Other informaiion, to make 
directjort-hnding possible* to carry^ teleprinter 
messages, and to provide a communication link 
from mobile stations even tn the heat of battle 
over distances which could not be spanned in 
any other way. 

11 is to the credit of the radio industry that 
these essential communication sets for leJegraphy, 
lelephony, D.F.. and so on, each subject to 
improved and new^ techniques as the war went 
on, were produced in huge quantities without 
interfering with the vast radar production pro- 
grammo occasioned by research, devclopmcnL, and 
enemy attempts at counter-measures. 

It is known now that Germany was not aware 
that radJolocation was, in fact* so developed in 
this country that our entire air defence sirategy 
was based on it. although she had suflkicnt 
inkling of the existence of coastal stations to try 
to detect them with the aid of receivers carried 
in the Graf Zeppeiin. Nor, naturally, was she 
prepared for the airborne developments which 
were to upset her undersea campaign, as Hitler 
complained in a pubhe speech in 1943. 

It has been the radio industry's part to 
accomplish these unseen victories, often without 
knowing any more of the overall radio campaign 
than the individual ptaioon commander can 
know of the entire front line. Af? time passes 
the radio Lndustiy as a w^hole will no doubt 
learn of still further uses to which its products 
were put; already it is obvious that radio was 
the cone of almost every major operatioti* in- 
volviifg Its own tactics and separdte preparation 


although at the time its successes could not be 
publidy recorded- 

Thc first tw o problems of the many ctwouniered 
by the industry in helping to wage this war were 
the necessity for absolute secrecy in peace-time, 
when the absence of special security precautions 
normally makes this especially difficulty and^ once 
the war had really begun and France and the 
Low Countries had been overrun, the cessation 
of supplies of raw materials and components 
from abroad almost exactly at the time when the 
magnitude of the Services' demands was becoming 
apparent. 

The necessity for secrecy was such thatp w hen 
contracts were hrst placed in 1937 for the mdicH 
location chain sets, only two men in the indusity 
were given comptele information about both 
transmitters and receivers i them colleagues in 
t^e first firms selected were told about only the 
iransinitter or the naieiverp according to which 
him employed them. Naturally more people 
knew' about the chain as time w'ent on and as 
development of the valves and other apparatus 
became necessary* but the secrets were kept 
during peace and war; from the start separaie 
assembly shops were used by each firm so that 
the whole of any factory shotdd not know what 
was happening. 

The loss of components from the Continent 
was a great blow', third of our supplies came 
from Francej Germany, Holland, and Belgium* 
and no less than iO per cent of the ceramics 
used was from these sources. The loss was made 
good and more than compensated eventuayy by 
diverting material (for example, work such as 
cigarette-paper manufactutr w^s changed to the 
production of paper insulation for condensers)* 
and there was considerable dispersal of the com¬ 
ponents factories over provincial areas w'here 
new workers were taken in and taught the un¬ 
known tcchnique.s. 

Other branches of ihe industry had to adjust 
themselves to the use of labour unacquainted with 
their special requiremenrs: in many pans of the 
country the local women were initiated into the 
3^hour processes necessary' in valve-making* 
for instance, which required special nimblencss 
of fingers. Vet there were instances of the pno 
cesses being eventually so well organized that un¬ 
skilled women could produce certam valves 
faster than a larger number of skilled men in 
earlier days. 

Perhaps the greatest problems, however, were 
those associateii with the necessity for keeping 



The iippUfiitJon af radar lo fcLinner)' is iUustratMi in jhese nva picturet Lefi; The fite control equipment 

which indicates aircraft on a screen and ti-jnsjuiis the rnnac, bearing, and hei^t lo ihe predictor. Right : A raditr-aided 
3.7 A.A. gun. The shell, w hich is untpiichcd by hand, is seen entering the breech. 


pace with research by means of “ crash pro- 
graminesK'' as ihc emergency production of new 
equipments io a severe schedule tvere generally 
knowm i with the allotmcni of priorities betw^n 
different equipinents and .servioe?: and with 
enemy action, particiilarly w^here the valve in¬ 
dustry was concemedr since three-quarters of the 
production was unavoidably coiKentrated in 
and around London. 

The fiist-snentioned iw^o problems were con¬ 
trollable. SpecLEkl benches for crash programmes, 
Fcscn-ed all the time, as well as industrial develop¬ 
ment sections which ideniilied themselves in mind 
and spirit with the services they were armins, 
presented the answer to the firsl: at the same 
dme the development sections worked willingly 
under the watchful eye of the country".s research 
scientists, whofK ideas were bom principally at 
the Ministry of Aircraft Production's Telecom- 
tnunications Research Establishment at Malvern 
and at other laboratof tes. 

Similar coopenition solved the difficult question 
of priorities; from the first there were inter- 
service arrangements which avoided some of the 
supply pitfalls experienced in theJasE war, but 
the ultimate step of forming a Radio Production 
Executive in \^4X w'ith day-to-day powers over 


the radio production sections of the various 
Whitehall service departments, without belong¬ 
ing strictly to any of them, was the complete 
solution. The R.P.E. had in effect the control of 
ihe quarter million workers who now served the 
radio industry in ihc United Kingdom, and 
also overall responsihriity for the allotment of 
priorities. 

As a result of the wars both in Europe and in 
Easiein Asia the radio and television jndustrv^ 
has not only Learned many new techniques, as 
already indicated, but has acquired a deep-rooted 
importance to the country which its pre-war 
status in the world of broadcast enEertajnmsnt 
and ceriain home ard oversea communications 
did not suggest. It submitted voluilLarily to a 
control—that of the Radio Production Executive 
—whkh was not at any lime compulsorily forced 
on it from outside. In short, it has taken on a 
statLire which it will not lose when its physical 
SIZE ncoEssarily deerrases to meet the less hectic 
requirements of r>eace. Radar navigation by 
sea and air has come to stay, and there is a great 
field of other electronic conlrols and devices 
which will tecome inseparable From the produc¬ 
tion of radio and tele^ ision sets for Ihc home and 
communications sen ices for daily life. 
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WORLD-WIDE CABLE 
LINKS 

T he early electrical picnecr^ tidied iusulated 
wires and cables made by ihemsehes; 
Faraday^ for example^ made up his own 
cotton-covered wires for his experiments in 
clcctro-nruignetisii] about the year 133 L 

The first commercially made eltxtric cable nvas 
a copper wire insuiated with tarred yam, and 
such cables were used by Professor Whcatsiane 
In 1837 in the coura of his experiments. 

That first yam-insniated cable marked the birth 
of a great British industry, an industry which 
during the course of its evolution has kept pace 
With every electrical requirement of science and 
commerce- From small house-wires to cabled 
operating at 300 kdovolts or more and capable 
of transmitting the whole output of a fairly large 
modem power station, from bell wires to the 
ultra high-frequooey cables required in televisioD 
and radio-commurucations* from an iDSUument 
wire which when insulated with six coats of 


enamel scarcely equals the diameter of a human 
hair to the largest power cable nearly five inches 
in diameter, the modem British cable-making 
industry is able to meet every need. 

A policy of continuous lecbnJcal advancement 
based on systematic research has made these 
things po>s 5 iblc. Although the materials used in 
cable-making have been more ork^^ stabilized for 
many years, the quality of those materials, 
especially insulauts, has been constantly im¬ 
proved. Where new conditions arise which 
cannot be met to full satisfaction by materiaJs 
already ill use the research resources of the 
industry arc able to find new materials which will 
suit. For example, new materials had to be 
sought and have been found for the insulatian of 
cables to eaiiy the high-frequency currants of 
short-wave radio-eommunlcations circuits ; again, 
when the Japanese ovenao and occupied the 
rubber-growing districts of the Far Eust^ the 
industry was prapaied vi^ith alternative n^alerials 
to meet the rubber shortage. 

The indusUy was confronted with enormous 
demands for new types of cables when war was 
declared in 1939, Ne^'cr in any previous war has 
electrical sctence had so prormnent a role to play. 
The establishment by the Royal Navy and other 
services of specialized electrical ranks and 
ratings is a recognition of the pre-eminence of the 
appLjeation of electricity in war. An idea of the 
magnitude of the advance in the use of electricity 
tn warships is conveyed comparing the 
950kw. of generating machinery installed in the 
largest battleship of the last war, H. M.S. Royal 
Sovereign, with the 4,(XM>kw\ of Britain's largest 
and latest battl^hip, H.M-S, Vanguard. 

Many entirely new^ types of war vessels have 
been introdLiced during this war; corvettes, 
escort aircraft-carriers tank landing craft, to 
imrDtian a few^ all of which require electric cables- 
More than 300 differant types have been used by 
the AdmiraJt)'. 

The cable-making industry figured prortiliiently 
in combating Hitler's secret weapon, the magnetic 
mine. In an extremely short time ships w^ere being 
de^magnetized by cables fitted round their hulls 
as a passive defence. For this purpose the 
mdustfy produced 1,000 miles of cable a week for 
a year during the early period of the magnetic 
mine menace. 

For the purpose of direct attack upon the 
magnetic mine buoyant cables were designed and 
manLifactured by the industry. These cables, 
which floated on the surface of the sea, were 
towed by tninesweepera and produced moving 
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magnetic f^lds which exploded and destroyed the 
magnetic mines, fnshore waters were tonlidu- 
onsly covered by such operations and the buoyant 
cabFe adtieved its puiposc well. 

The Army established the Corps of Royal 
EloctiicaJ imd Mechanical Engineers, embracing 
63 specialized classes of tradesmen in its various 
branches, to maintain and repair something lite 
1,000 dilTercnt types of electrical ctiuipnieril^ 
every one of which required a product of the 
cable-making industry in the form of one t>^pe 
or another of insulated wire or cable. 

By March, 1945, the Royal Corps of Signals 
had required from the cable-making industry more 
than ]I,44Q,00[> miles of cable for the maintenance 
of military communications—enough to encircle 
the Equator more than J30 times. 

For the supply o-f fuel oil across the English 
Channel, known as Operation “ Pluto/^ the 
Serv^ice Chiefs required a series of pipelines to be 
laid under tbc sea to meet the enormous demands 
of the invading armies after D Day, 

The British <^ble-making Lodusiry’ provided 
an answer by designing and constructing cables 
consisting of a hollow lead tube rcinfoiccd with 
steel tapes and aimoured- Those cables had 
Internal bor^ of ^in. and 3in.^ and operated at 
hydrostatic pressures up to UZOOlb. per sq. in.: 
they were made in oontinuDos loigths up to 
40 miks, weighing 1,000 and 2,000 tons approxi¬ 
mately. Between 800 and 900 kilometres of such 
hollow cables were provided. At a la[er stage 
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they were supplemented by more than 450 
kiloTnetres of steel tubing, and by means of these 
CDonecting links between England and France 
fuel supplies w^re pumped from the Mersey to 
the Contkictit iiE ihe rate of LOOO.OOO gallons a 
day. 

The provision of corntnunication cables also 
called for intensive effort. Two days after D-Day, 
the Prime Minister was able to telephone from 
Downing Street direct to the Normandy beaches 
via a submarine telephone cabSe^ which had 
besen specialty manufactured and laid in spite 
of determined enemy air attacks during the 
laying ap^ratiCNns. 

Electric cables were insialled in readiness to 
ignite the flame defeners which had been pro¬ 
vided on the English coast as a protection against 
invasion. 

The M inistry of .Aircraft Production had an 
cnondous appetite for electric cables. In the five 
and a half years of the war tbc British eabk" 
making Industry provided ] 14,000 miles of 
dilferent types aruitaally. The wiring of every 
Loncasier bomber requires four arid a half 
miles of cables. A Eoils-Royoe Merlin engine, 
when assembled for movmting m a fighter or 
bomber^ alone embcxLcs 76 core yards of cable. 

To enable Britain's prodigious air deet to 
operate 200 existing airfields had to be re- 
constructedL while a further 500 new airiiclds 
had to be provideti Every airfield required 
many thousands of yards of electric cables to 



** OoeraiioR Plulo.'^ Piclyixs illLisiraTing the remarkable engiTiecriiii feat of laying uti uil pipe-lint across itw Oianrtcl 
to the Continent. Two tttelhods wtrr used, oik by riKani of special steel pi p^s, while in the second, were 

adooted for the purpose. Lfift r One of the hygc noatinii drums rendy for winding on the sEccI pipe. Kight : A tuir^ 
pipe passing round the cable drum for cunmilling ihe speed in laying. 
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maint^iin its normal power, and eom- 

mimication services. The ignition of thousands 
of gailojis of petrol in burners placed iiEong 
airfield runways for the Ibg di^pcrsdl scheme 
known as “ hido also dEmandiKi cables. 

The British cable-making industry had for 
some years nunured the science of ihormo- 
plaslics and Its ncscanrh organizations were well 
abreast of developinents in that tkid; Radar— 
that wizard of irvteliigencc which enabled the 
R.A.F, to fore [ell the position, course, height, 
speed, and approximate strength of approaching 
German air fleets far out over the North Sea, 
and which did so much in the Battle of Britain 
to turn the scales in our favour—owes much 
of its success to the realization by the cables 
making industry of the potentiaUties of thermo- 
plastics- 

To meet the unpiecedcntcd expansion of 
munitions production large numbers of entirely 
new indiistrial plants had to be erected and 
large numbers of existing plants had to be 
cxtendeiL No machine oouJd turn over, no 
electric furnace could produce the essential 
Itigh-grade steels, and no ship or tank could be 
fabneated by electric welding without electric 
cables. During the war years electricity con¬ 
sumption increased by 1 U02!if,5 mliliojis of units 
— practically all of this being used by industry, 
an increai^e of 65 per cent above the total 1939 
consiunpiJafi, Cables were needed to convey 
power from the generating stations to the factory 
sites, to distribute the power within the factories, 
and to feed individual machines and producing 
units. The cable-making industry met those 
needs. 

During the w^ar years the Post Ol!ke laid 
cables providing 5,000^000 miles ol' underground 
telephone circuits to maintain oommunjeations 
for the fighting services and other essential 
sen ices. This is a third of the total which had 
previously been laid throughout the whole period 
of development of the telephone and telegraph 
system of the G.P,0. 

Scarcely any single type of cable -SufRced for 
even one particular w^r service ; the conditions 
which had to be met were much too \'ariahEe 
for that, Cabtes had io be capable of withstand¬ 
ing the exiremes of cold in Ehe .Arctic regions ui 
order to enable ships and aircraB to keep open 
the transatlantic and northern European sea 
routes. At the opposite entrenie^ the cables had 
to withstand the fetid atmosphere of the jungle^ 
the ravages of white ants, and the deleterious 
action of swamps in order to enable our forocs 


to maintain their eommunicabons and airiidds 
in the war against Japan. The North African 
desert campaign imposed stringent conditiians 
on cablc!^, especuilly those for tankv and com- 
niumcatjons, and large variatioiu of temperature 
and the aitritioa of sand had to be withstood, 
British cables have stood the tests of all these 
conditions and fuhilled their purposes well. 

The British cable-making industry is proud 
of its contribution towards wmjiing die war, 
and, enriched by the knowledge gained during 
the war >cars, it is ready to meet demands all 
over the world in the services of peace and in the 
great era of reconstruction which lies abead. 



Scameu paiiulng a nu[i-maim>?tiL: girdle d£[cd to ihcir 
^bip as a eouotef to maim=ctic tninesr This devioe 
proved mosLeffectivcL 
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MACHINH TOOLS AND 
SMALL TOOLS 

I N peace or war the machine tool and small 
tool industries hold the key to all production ; 
whether it be the plough or field-gun. spinning 
machine or aero engine, the simple yard-stick 
or radio-locator,, all derive their being from the 
products of these industries. 

During the peace years the important role 
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pJayed by ihem and their intimate contact with 
all spheres of manufacturing activity was inchned 
to be accepted but never fully appreciated: 
only when responding lo the paratnount needs 
of war requirements did they come into the fulJ 
limelight. 

At the outset war exigendes made it impeffiUvc 
that a rigid control of demand^ supply, and allo¬ 
cation should be in force to ensure that machine 
tools and idliDd equipment were avaiiabje at 
Ihc right limes, in the right places, and in the 
right numbers and types, and it was otily the 
close harmonious workiiiig of the industry with 
ihc Machine Tool Cqnitrol that enabled such 
remarkable success in this direction to be 
achieved. 

Advisory panels set up by the Machine Tool 
Control played an important part and closely 
associated with this etrort must also be memioncJ 
ihe valuable cooperation of the Machine Tool 
Trades Assoemtion, the Gauge and Tool Makers^ 
A-ssociation, and the Nalionul Federation of 
Engittcers and Tool Manufacturers, a^ well us 
the correlated activities of other bodies, together 
with the various Ciovernment departments 
involved in the production of war miitcrial. 

The various advisory' committees set up by' 
the Machine Tool Control contributed their 
ihiircof the harmonious cooperation of Ministry 
and mEtnnfaciurCr. Hundreds of dims sank 
thefr (jidivjdualities and banded together into 
dhterent groups run under the aegis of the 
Machine Tool Conlrol for Ehe distribution of 
such items as twist drills and screw- gauges to 
those quarters most urgently requiring 
this work bciug controlled from allocation 
centres tn different parts of the country, 

Ln order that makers and users of machine 
tools, small tools and ancillan' equipment 
should be kept in formed of developments and 
processes of general interest, the Machine Tool 
Control has published booklets^ Icahcis Etnd 
posters from time to time for distribution to 
the indnsiry. 

The information given is the result of careful 
study of modern production methods and has 
been compiled by experts with practical know¬ 
ledge of presentHday problems arising from such 
factors as shortage of tungsten for high-^peed 
Steel, the necessity of tooling economy, the 
need for inieltigenl production planning, &c. 
The latest production was a comprehensive 
survey of recent developments and practice in 
the application of negative rake milling. 


In coping with the many difficulties involved 
the Machine Tool Control endeavoured to see 
that 1^) each rnanufactimcr produced the types 
of machines he could best make to fit in with 
the war programme, as much slandardiiraticui 
and simplicity as possible was secured, bearing 
in mind the immense variety of types and the 
complication of the Industry, and it} production 
agreements were placed with manufaciurers 
10 cover any actual or possible gap in Ihc flow 
of firm orders. 

To this end a raiionallzaiion wrheme was 
readily accepted by ihc trade as a method of 
LDcreasing output of individual sizes; extensive 
use was also made of sub'Contracting, approxi¬ 
mately 25 per cent, of the total requiremcnis 
being produced by this means under ihc wing of 
the main contractors. 

Bearing Ln mind that manufacturers in these 
indusLrics tend to be relatively smalh specialist^ 
and highly individualistic firms, the fact is of 
signiftcanl importance that of the total war 
demand 75 per cent, of the machine tools rt^uired, 
90 per cent, of the cutting tools, about 80 per 
cent, of the line measuring tools, ojid practically 
all the gauging equipment were supplied by 
the Erilish machine-tool and small-iuol 
industries: these figures include certain types 
not previously manufactured in this country. 

When One considers the dearth of skilled 
engineers for a w'ar-time programme, particularly 
after endeavouring to meet the needs of the 
mechanical branches of the armed forces, ihe ex¬ 
pansion of the iDDhmaldng industries to approxi¬ 
mately eight times their 1939 si^e is all the more 
remarkable. In this connexion tribute must be 
paid Id the industry, whJeh^ in coliaboratjan with 
the Ministry of Labour and NgtionaJ Sendee, 
accepted and trained a much larger proportion 
of female and dilutee labour than was possible 
on a peace-time production basts, 

OiK of the many joint activities of the Machine 
Tool Control and the industries is worthy of 
particular naenlion. This is the Emergency 
Machine Tool Armament Corps, or EMTAC 
for short, a body of men recruited from the xn- 
diistry and highly skilled in the use of ail types of 
machine tools who, from the sunimer of 194 L 
boldly tackJed managenicuLs^ most urgent prob¬ 
lems in the training of unskilled labour on 
unconventional hues. 

In spite of firms' own training schools and the 
useful flow'of trainees from Government Tminitig 
Centres many boltrcnccks tn production had to 
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be cfeaned where the iMbDur situation particu¬ 
larly acute or the job liseir wa^^ more difficuU 
than the avera^. Any linn on work of national 
importajice and requiring assistance was abJe to 
call on their serTiices until the Jiflxcultie^ vicrc 
ironed out, and EMTAC's success was due 
in no small mrasurr! to the helpful cooperatjou 
of the works stafT, from the manaj^tnent down¬ 
wards. 

Very valuable voluntary service was provided 
by the trade in the matter of speedy investigation 
and assistance in overcoming the effects of air¬ 
raid damage of machine tools and ancillary 
equipment. In each Important manufaciming 
centre a voluntary committee was set up^ I be 
members of which, inunediately upon the report 
of air-raid damage being received at head¬ 
quarters of the Machine Tool Control* proceeded 
to the scene of the inddent and made such imme¬ 
diate arrangements as were possible to deal with 
the situation. A pool of machines was reserved 
to provide immediate small scale replacements^ 
and a repair organizalion was built up to deal 
w'lth both short and long term repairs. 

Another outstanding achievement in the drive 
for more produetjort was brought about early in 
the war by the inauguratiou of the Mutual Aid 
Scheme, which came into being in connesiion 
with a uation-wrde survey of cutting tools in¬ 
stituted by the ControUer-General of Machine 
Tools and carried out by men lent by the trade. 

Following a proposal and trial iiT the Midland 
Region of a voluaiary stmey organization carried 
out by members of the trade, a number of mutual 
aid exchanges were set up and firms were in¬ 
vited to attend meetings held in difTcrent districts 
of the region aod to present at these meetings 
details of their immediate and most urgent short- 
also giving details of tools and equipment 
which they were prepared to lend or scU to any 
other firm who might he in urgent need of them. 

The meetings were presided over by a chair¬ 
man, who called On each member in turn* and 
something like SO per cent, of the demands put 
forward were satisfied then and there. The two 
parties to the transfer were put into direct enn- 
iBct and apart from a note of the transaction no 
official paper work was involved. 

The scheme was an immediate success and the 
organization of these mutual aid exchanges was 
gradually extended os-er the whole country. 
Within a few months more than 100 of the^ 
exchange centres met at regular interv-als and 
several mtllion tools were exchanged to relieve 
immediate production botilenccks. 
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FABRICATION OF 
ALUMINIUM 

I T is fitting that aluminium has miidrcd its 
ccnicnary in 1945^ and that victory in Earope 
coincided with the 100th anniversary of the 
production by Wohler of the first malleable bead 
of the metal. 

Britain has taken the lead in aluminium 
fabrication ^ the commercial production dates 
from I85S, when the first almninium wwks wa_s 
established Ln this country al Battersea by F- W, 
Gerhard- Although Nature has not provided us 
with high-quality bauxite, and our water-power 
supplies are severely fimited^ Britfidi light alloys 
played an outslandmg part in the j^ircraft 
industry’s contribution to victory. 

The rabricaiing Industry has built great new 
plants in mcord time, completely reorganized 
technique and methods, developed new materiak 
for special purpo^, successfuLiy undertaken the 
huge job of training unskiUed labour to perform 
highly skilled jobs ; and in tune with this national. 
eflort there is the great pan played by the 
secondary^ mclal refiners. 

Light alio}^ of every type arc on integral part 
of aircraft Ihbricatioiu and during the w’ar the 
light alloy industry has seen how productivily can 
be increased by iong-ran^ ploiming and by the 
enthusiastic cooperation of rnanagement and 
laboLir in pursuit of a clear-cut objective. The 
very efficient factories which we have organized 
and equipped will now rank as iuiportarit capital 
assets in our national economy. Some accurate 
iiotion of the expansion can be gained when it is 
recalled that in l'^36 the total average annual 
production of magrtcsium castings was only 400 
tons. Yet at one sta^ of the war we were pro¬ 
ducing die-cast incendiary bombs at a peak rate 
of 4,327,000 castings a monih. Castings other 
than bomb castings were produced at the rate df 
700 tons a month. If the weight of a bomb 
casting be taken as l6oz. the total weight of 
4vl^7,000 castings is about 2^200 tons a month. 
W ith other castings this gives a total of 2>900 tons 
a rnomlt or productioa peak rate of 34,800 tons 
a y'Ear. 

The first and most important task facing ihe 
light alloys industry was to increase output when 
war began and to keep on increasing it. This 
inv olved great extensions to existing plants and 
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SiDLikpLles *r 84,500 metric of iiluminium inguis^ coverins ahoui 13 acres, at a factory in Citnada, ihc soLirtie of a 
taije pan of iba aEuminmra fur Uic Briiish iight aJloys mBnufaciuiers. The alamimuTn industry eipanded flevcnfald 
diirintt ihc war~ Its products played an important pan in aineraft production and m vsirious new tields. 


the bmJdifie of new plants in widely scrparaied 
parts pr the cokintiy—iiccessit> [or dispersal 
being nn tinportanT factor, adding to ihe many 
difficulties of managements, Parallel with this 
ijieat expansion of plant there was carried out a 
p^eal training programnie. Shop assistants, 
salesmen, housewives received intensive training 
m all branches of the iodusto—hi moultlin^ 
coremaking^ press and drop-stamp operations, 
inspection, and even die-sinkinjL Jobs which 
had formerly been earned out only by highly 
skilled men after m^y years of apprenticeship 
were performed by boys direct from ^hool; and 
all this was achieved partly by rrainin^, partly by 
careful instruction and close supervision by the 
skilled craftsmen (who boottne. ovemight key 
men of the indnsuy), by the Ereiil attention given 
TO raBchanical handling, and by the breaking 
down of each intricate operation into several 
simpler ones. 

Within Ihe industry Itself there were colourful 
changes. The first sight of one of these great 
new plants comes as something of a shock to one 
who knew the industry- in its Jess prosperous days 
before the war,^ says Mr^ W. C. 

F.R..^e.S., vice-president of the Royal Aero¬ 
nautical Society* " and who knew the smoky, 
sweltering atmosphere of the dark old foundries. 


the Mack coating of soot and oil and the acrid 
fumes of the pre-wnx forge, and the magnificent 
skin of the real craftsman melal-w orkcr. kneading 
hm meial into fine and beautiful shapes, oblivious 
of the infemo around him, 

** His first impression now is of lofty, ligln and 
airy shops^ of bristly coloured machinery* oJ' an 
almost complele silbstimtion of human by 
mechunical power : only the noise now' remain-s to 
remind him of the old days. Even mom surprising 
to him IS the sight of girls in brightly colotircd 
blouses and slacks tapping the great new furnaces 
^Tv d pouring the shining metal from large elec* 
tricallV operated ladles into orderly rows of 
ingot moulds. 

“ In the forge more shocks confront him ; 
teams of semiskilled workers^ among theni: boji^ 
in iheir 'teens stamping out the largest iiincralt 
rngine components under massive 2>ion drop 
hammers, operating 3,OOOlon hydraulic presses^ 
doing jobs in fact which before the war were 
entrusted only to men who had spent many years 
in the forge shops of the Midlands. He secs row' 
upon row of presses operated by womenH who but 
a few months previously had never heard ot such 
machines. He sees youths and old men hewmg 
dies From great blocks of aJIoy steel, and in the 
control laboratories girls, who never worked 
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before, carrying out the precised apemdous of 
^pectnDgrziphic and LhcnucaJ analysis, lensilc^ 
testing and X-ray inspection/^ 

All through the period of rapidly expanding 
light alloys output the same high stiUidard of 
qua!jiy\ for which the British aluuimmin industry 
is famed, had to be maiotained. and was main¬ 
tained by tme team-work and give-and-take 
collaboration beiweeti planning and production 
engineers and metaiJurgists. Great changes 
had to be made in tniinufacturing methods^ pro¬ 
cedures based OQ years of cautiously acquired 
experiences were al tered ovcmigiit in I lie race 
for production—there was little time for experi- 
meni. That quality did not suffer, that few 
projects met with lailuin, is proof of the great 
fund of meiadurgicaJ knowledge and experience 
built up in the tight alloys industry by its long 
adherence to its policy of scientific research and 
control. 

Then as prod action got into its stride ±ere 
was superimposed the demand for even high- 
quiiht>' alloys, and for inensLsed strength at 
elev'aied temperatures to enable higher per^ 
rormanccs to be achieved from hating aircraft. 
The mdusiry, still in the throes of production 
and expansiort mtensitied its research activities; 
without affeenng produclioa alloy composJtioiLs 
were modified, new alloys were developed, and 
improved methods of castings working, heat- 
treaunent, and conliol were evolved. 

One of the light alloys industry's great achieve¬ 
ments of the expansion period was the revolution¬ 
ary change in the policy of utilization ofsccondary 
mare rial. Financial risks hrid been taken early 
Jn the war by the socondary-mctal refiners tn 
building up stocks of material which became such 
a vital factor in the supply of aluminium to the 
fabricating mdustiy. 

Users of light alloys undertook the segregation 
of their scrap according to specification, thus 
removing mudi of the tedious wort of sorting 
and blending for remeltfng i the sccpndao' manu¬ 
facturers multiplkd their plant and instituted 
the closest conirol at ail stages in ihcir refining 
priDQsscs ■ the light alloys founders and fabric¬ 
ators studied the efTec ts of iiicrEa.sing proportions 
of ** secondary,^ and eventually evolved limits 
not only for their output generally but for 
individuat processes and components. To-day 
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the amount of material wasted has been induced 
to a trifling hgure, and almost a third of the 
nation's requiremeats for aluminium alloy is 
supplied from secondary metal. 

In spite of labour shortage, bombing, pnontits, 
and heavy demands on its limited numbers of 
experienced eKeeutivis and [echnicians, Uie light 
alloys industry was able to provide experts first 
10 organize and then to operate the Light Alloy 
Controls, whose excellent work, which won the 
admbation of British and /American execLiiivcs, 
played u most important part in during the 
smooth supply of raw maicrials into industry 
and the proper allocation of its outpiit. 

As a practical example of the efficiency of 
the mdusiry, cmc may take the highly stressed 
crankcase casting of the Rolls-Royce .Merlin 
engine: its peribrmance and reliability have been 
put to the 1 .CI 3 ' hardest test in all parts of the 
wrorlei ^"^et a large proportion of these crank¬ 
cases has been produced in a foundry built for 
full-scale moss production during the flrsi stage 
of the wafp uud the casting is produced very 
largely by girls. 

Production wai at the mic of 500 of these 
complica ted eastings each week. When alunit£iiiiE& 
WHS at it controlled price of n.Sd. per pound 
r£llO per ton? this eastmg was prodL 4 iCed fbr 
Us. 5d- per lb. With the present ruling pri-ce of 
£85 per ton the oisting is being made for below 
35, Jd_ per lb.- and it must be emphasized that 
it is a very complicated casting made in a high- 
duty. hciit-treated, alloy, Thew tlgures refer to 
castings made from primary materials, but wo 
must also take into account the important 
development of iiecondary alloys from scrap 
already mentioned. Secondary aluminium of 
high quality can be made to very close com¬ 
position tolerances for less than £45 per lonH 
or 4.8d. per lb. This means that such a casting 
os the Merlin crankcase can be made from 
secondary material for less than Is. 7d. per lb. 

These arc but a few of the contributions which 
the li^t alloys industry^ made to the war eftbrl. 
That ii succeeded through the Ministry of Air¬ 
craft Production m supplying the nation^s 
largKt war Industry with all its requirereenis. 
while still improving the quality for which St was 
famed before the war^^ is evidenoed by the ever-^ 
growins might and high technical cmdency uf 
Royal Air Force equipmeni. 
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NON-FERROUS METALS 

C OPPER+ zioc; lead, tin and nickel— 
the major non-feiroas mei 4 ils other ihao 
alumintufn—are vttal sinews of war. as 
wetl as being of fundanicntaJ importance to 
industry in pcati^lime. in peace-dme these 
mends are widely used in the electrical industry, 
in buiJdiai, motor-cars^ general engincenDg, 
factory and housnIioJd ciiuipmcntt chemical 
plani, TiOckI processing and canning, and in a 
great variety of smaltcr applications. 

In war-time there is a large demand for brass 
(copper and zinc) for shell cases and fuses: 
copper wire and cables are needed for military 
communications, and there h a large indirect 
military demand for the wiring of war factories 
and aerodromes; zinc alloy diccas rings are used 
for fuses, zinc sheets for battery cans, and zinc 
oxide and zinc dust for smoke mixiures for con- 
ceahnenl of military operations; lead Is primarily 
rbExdcd for cable sheathing and fur batteries for 
nav^aJ craft and military v'chiclcs. and there is 
also some demand for lead for ammimitinn pur¬ 
poses, although this has been much sntaller than 
in the war of 1914'18 owbg to the replacement 
of shrapnel by high explosive; nickel go^s 
primarify into alloy steels, thoLigh it is of great 
imporiLince in Radar equipinent and aircrafi in 
particular; and tin is required for food canning 
for military stores and for bearing metaJs^ bronzes^ 
and solder. 

In general thenrfore, il^rc was at the out break 
of war the prospect of a large war demand for 
the above metals, superimposed on an already 
targe peace-time demand. The follow Eng figures 
compare the extent of the United Kingdom con- 
iftjjnption of the metals pre-war and during the 
wa r!— 


— 

Tons per imtlatll 

Av^rajuc 

Pre-War 

Average 

W’iir 

S 940-13 

Copper .. .. -.' 

1 iity.im 

456.000 

Zinc 

200*000 

249,000 

Lead - * 

1 345.000 

223.000 

Tin . 

22.000 

27.500 

Nickel. 

MJOO 

21.300 


Against such large requirements ibe United 
Kiogdom mine oulput of the metals is negligible. 


NON-TEH sous METAT-S 

SO that pmctkaliy the whole of the tonnages 
which have been needed have had to be imported. 
Thc central problem was, therefore, to ensure 
sufficient supplies for war needs and essential 
civilian purposes, but. at the saJiie tinrie, to reduce 
so far as possible the demand on shipping and 
on our resources of foreign exchange. The 
utmost economy Ln the use of the metals w^as^ 
therefore, of paramount imporiaiKe- 

Copper* zinc* and lead came under statutory 
control in the United Kingdom immediately 
at the beginning of the war, and tin and nickel 
after the United States entered the w^ajn These 
metals, and also cadmium, anticnorty^ and cobalt. 
Were placed under the Non-Ferrous Metals 
Control of the Ministry of Supply. 

To ensure adequate supplies of copper, zinc, 
and lead, long-term contracts were arranged 
between the British Govemmcnl and producers 
in Fmpire couiitries. These contiacts had been 
discussed in the months before the war. and their 
main lines had been settled when war broke out. 
They represent an outstanding achievemeni of 
Empire coopenilion on the pan of ihc copper 
producers in Canadiu Northern Rhodesia, and 
South Africa, and the lead and zinc producers 
in Canada, Auslralin. and Burma. The pro¬ 
ducers agreed to sell their exportable surplus at 
fo-b. basis prices, which were closely in line 
with tlie level of prices existing just before the - 
outbreak of war, and were to be reimbursed for 
subsequent increases in their costs of product ion. 

The scale of the Empire contribution is 
illiistrated by the fact that during the five years 
and four months ffom Scptcml^r, 1939* to 
December. 1944, Canada^ Australia, and North' 
ern Rhodesia together supplied to his Majesty^s 
Govemmeni 5,000,000 tons of copper, zinc* 
zinc conccntralc^ and lead. 

In the United Kingdom the main problem 
was to confine the use of the metals to sirictiy 
essential purposes, h was falfly easy to eliminate 
obviously inessential uses and luxury articles : it 
was far less easy to reach decisions that^ for ex- 
jmipJe* the use of copper and tsid pipe and sheet 
for pluinbing and rooting purposes should be 
virtually stopped, that tiiiplalc could no longer be 
available for a iarce variety of canned goods, or 
that she release of zinc oxide as an ingredient in 
paEnt must be severely limSteil. 

Service requirements needed no less careful 
scrutiny, and for a large range of requirements 
^for example, ammunition box linings, fuse 
covers, caps and components* miJitaiy^ equipment. 
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fittings mid badges, but loos and raste^ers. ships’ 
fittings) the use of npn-ferrous metuls was sub- 
stantially cut dpwn and replaced by the use of 
materiafs such as cast iron, steel, and plasUcs 
which were in belter rcEative suppb% 

These are ouJy a fe^v mstaiices of the detailed 
examination and curtaiLment of the use of non- 
ferrous metals which was applied to aU branches 
of civilian (both home and export) and serv ice 
demand- Applkants for licertces to acquire 
virgin and scrap metals had to furnish support¬ 
ing schediiJes giving details of all the orders which 
they had to fiilfiL For example, for copper and 
copper alloys alone, the orders submitted totalled 
between 2,(X]0 and 4>000 a day. 

Metal was released onJy for orders approved 
by the Control, and the Control in their decisions 
were guided by a staff of technical experts and 
maintained close cooperaLion wirth the manu- 
faeturers or Government department concerned 



Members of ihc Women’s Liind Army unng a 
mechanical excavator for miitiiig a drainage ditch in 
a neid in Hertford^hire- 

flud with technical bodies such as the British 
Standards Institution. The contemplated use of 
substitute maieiials might often involve inci^ased 
difficulties in respect of labour, machining, and 
wear and tear of tools, and such considerations 
had to be given full weight before finahy deciding 


whether to relea-se or refuse non-ferrous metals 
for a particular purpose. 

Most of the restrietJans which were imposed 
were frankly recognized by the Control as 
achieving short-term fxxmontics only, to be re¬ 
moved as soon as conditions permitted. Con¬ 
sequently, a-5 the metal position in general grew 
ea,sler froni 1943 onwards^ restrictions were 
lessened or removed so far as possible and in 
agreement with the United States. For example, 
in November^ J944, ail Jiestriclions on the release 
of copper, zinc, and lead for building work were 
removed, so that house builders and repairers 
could be free once more to u.se these metals for 
waterpipes, roofing, and other purposes. 

The restrictive side of the Control has been 
shown above. Lti several directions. however, 
the Control had to take action to foster the out¬ 
put of various nort-ferroiis metal products which 
were vital for war purposes. This was more 
especially the function of the Brassard Zinc Alloy 
Diecastings Sections of the Control, which had 
to arrange for the organizadon and enlargement 
of productive capacity to meet the very high cal! 
for brass strip and rod copper tube and zinc alloy 
diecastings for ammunition purposes. In particu¬ 
lar, fonr steel mills were converted for the pto- 
duction of brass strip. Peak output in the United 
Kingdom was reached in the last quarter of 1942 
and the first quarter of 1943, and during this six- 
monthly period output of brass strip w'as at the 
rale of 471,000 lotis per ajmum, against a pre¬ 
war rale of under 100.000 terns: output of brass 
rods and sections reached 253,000 tons per 
annum, against 100,000 tons pre-w-ar, and out¬ 
put of copper tubes 41,000 ions per annum, 
against 20+000 tons pre-war. In this task of plan¬ 
ning and augmenting output the Control received 
invaluable a-ssistance from the advisory panels of 
manufacturers in the variaiis branches of the 
industry. 

Finally the non-fcrroiis metals trade had the 
benefit of stable prices over long periods of the 
war. There were only two major changes from the 
statutory maximum prices of copper, zinc, and 
lead which were impcTsed at the begirnilng of the 
war. The first was in December, 1959 ; the 
second was not until June+ 1945, and the latter 
affected only lead and zinc, copper prices re¬ 
maining unchanged. Moreover, prices of all 
three metals in this war were kepi substantially 
below the peak levels which were reached in the 
war of 1914-18. 
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FOOD PRODUCTION AT 
HOME 

B ritish agriculture's task in this world 
war^ as in the was clear. This lime 
the Ministry of Agriculture and farmers 
got a dying start. Our land had to produce 
as much food as possible and as quickly as 
possible, so as to release shipping for the vital 
purpose-s of war. tlitier knew well enough that 
Britain's dependence on imported food was a 
weak link In her armour. Before the war we 
produced only 40" per cent, of our food needs, 
relying for the rwL on Canada^ Australia* Mew 


Zealand^ South America^ and the western 
European countries. We could not hope to 
become completely self-supporting if our 
^5,000,000 people were to have an adequate 
diet which would keep them fit for the strenuous 
tasks which total war imposes on alE bui home 
prpdnctJon now meets 70 per cent, of the naiion^s 
needs. Wc have had to be content with bare 
necessities and a diet balanced on scientiJic 
Standards, with little regard for the preferences 
of the coosumer. The waMime diet has been 
dull, but it has been adequaie. Indeed, a good 
many people in this conntry are Ihixig on a 
sounder diet to-day than they did before the war. 

The United Kingdom is naturally a grass 
country. That is lo say* grass grows readily 
in our climate, and when there is no great 



the SU 5 SCV Downs neur Newhaven. Over 7,000,000 acres of grass land have b«n cpnvencd 
into arable land for the growing* of crops. 


HLiT^cstirie in progress on 
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pressure to produce food to the maxiniiirn 
grazing caitk and sheep are the mainstay on 
many farms, Thiii was the slate of alfalrs before 
the war The grazing catilc were largely daily 
COW'S, because trttik productiort offered a regular 
and steady bepme al a time when other prires 
were low' and uncertain. We had big pig and 
poultry' indiistries, mainly on specialized lines, 
which depended to a great extent an imported 
feeding stuffs, as indeed did the dairy cow-s. 

For some time before the outbreak of war 
the Government had plans prepared for a big 
increase in the production of cereals, potatoes, 
and other tillage crops which would cut dowTi 
bulky impom. There was no doubt about the 
policy to be pursued. An acre of permantni 
grus^ feeds only one to two persons; that acre 
plouglted up and sown w^ith wheat feeds 20, 
and planted with potatoes feeds 40. Nor could 
there be any doubt about the scope for increased 
output on these lines. The arahJe area had 
faUert as low as 13,000,00<) acn», out of a total 
area of crops and grass of 32,000,000, The 
ploughed area was the low^est ever recordiid, 
being 2,000,000 acres less than at the start of 
the J9l4 war. 

As early as May, 1939, the Minister of Agri¬ 
culture offered fanners a grant of £2 an acre 
towards the cost of ploughing up pcrniauent 
grass land. Steps were also taken then to increase 
the home manunicture of tractors and farm 
machinery. In the weeks from May lo the 
outbreak of war in September. 350,000 acres 
of grass were ploughed and added to the acreage 
ready for growing bread grains. This was a 
good start but matters could not be left entirely 
to the patriotism and business sense of fanners. 
Some diiecti-on must be given to the food pro¬ 
duction campaign if the country was to rely 
on home production for ddinite amounts of 
wheatp barley, oats, potatoes, and sugar beet. 

At the same time the productiod of milk 
had to be sustained and more vegetables grown 
to keep the right balance in the national diet. 
Inevitably there wonLd be some conflict between 
milk production, which retiuires grazing, and 
ploughing up for com growing. Sonie central 
direction in policy matters had to be given, 
but the Ministry^ of Aerjculture was reluctant 
to take on itself the detailed control of the 
campaign in the counties. 

Immediately on the outbreak of war the 
Minister set up War Agricultural Eiicecutive 

tM} 


Committees in each of the 61 counties in Elnglimd 
and Wales. The memberi of these committees 
w^c« appointed direct by the .Minister to act 
as his local agenis. They in lum divided the 
work between district committees. In some 
counties there are six or st^ven district com^ 
mittees, in others a dozen or more. Most of the 
committee mem hers are farmers. The>' do not 
receive any payment beyond out-of-ptickct 
expetises. To a.ssist them they hiivc technical 
Staffs, some of whom are oualhied to advise 
farmers on the reclamation, manuring^ and 
cultivation of land, the manageinent of dairy 
herds, and such technical problems. Others are 
engaged in supervising the supplemental^^ labour 
controlled by the committees, such as prisoners 
of war, Women's Land Army, and Irishmen. 
Others administer the rationing of feeding stuffs 
and the allocation of machinEry. 

Thanks to the work of these committees, who 
know ihcir districts intimately and the capacity 
of each farm and farmer^ over 7^000,000 acres of 
grassland have been converted into arable and in 
the main good crops have been grown. The home 
production of food has been increaserd by 70 per 
cent. Some farmers have not responded to the 
ad vice given them by the committees and ha\e 
fiiiled to curry' out cropping directions served on 
them_ In the most obdurate cases the committees 
have power to recommend the Minis ter to dis¬ 
possess the farmeus. This extreme power has not 
been lised widely. The Minister stated a few 
monihs ago in the House of Commons that 
2,353 famicre had been required to leave their 
farms and homes. This represents 0.62 per cent, 
of the total number of holding.^. 

The War .AgricuItuTal Comniiltccs have aJ.so 
been concerned lo increase the milk supply, 
particularly during the winter months. The 
extension of the National Milk Scheme, providing 
milk fnee or at reduced com to mothers and 
children, has made heavy calls on the milk 
supply, neecssitadng the strict rationing of 
ordinary consumers in the winter. Considering 
the difffenities which farmers have Itad to over¬ 
come in providing adeqitaie winter rations for 
their cows and maintaiiiing sufficient labour for 
regular milking, this result es most satisfactory, 

The labour problem is now acute on many 
dairy farms. Land Girls have been brought in as 
milkers and have given most excellent service, but 
a.^ cows hav^ to be milked twice a day for sev'en 
days a week the job is not popular, especially 
since the Introduction of P.A.Y.E., w'hich reduces 



A ^tlQ^ vrew taken at a Brtiish riictor>' ^Kowing a line df tmiiidrs rtady far wijrfe on the land. Tbe mecbiuilzaijad of 
fflnnjiiE wai essential to meet [Ije demunds far more bonus-grown food^ and the ontpui of agri^LjUura! machmciy was 

greatly increased. 


the amount of overtime money going into the 
worker's pocket- Minimum wageSn averaging 
under 35s, a w'eek for men before the war, have 
been raised lo a nationaJ mininium figure of 7QS. 
a we^k. The total labour strength of agriculture 
in EngJajid and Wales increased during the vtar 
from 607,100 in 1^3^^ ip 740.500 in 1944. There 
were fewer reguJar maJe w orkers, some of the 
younger men hiL%'ing been drafted into the Array 
at Ik or !9, but agriculture was able to draw on 
some supplomcfitaiy help, notably ihrough 
volunteer land clubs and holiday harvest camps 
for schoolboys and also adults. 

An important factor in securing increased 
home production vans ±c Governraent's guarantee 
of markets and prices. Farmers were able to 
count on satisfactory returns for cereals, potatoes, 
and also for milk. Recently there has been a 
change of emphasis in Govemraent policy 
favouring livestock production. Siege conditions 
are past, but dairy' products, meat and eggs are 
scarce in the worltL and Britain will need all the 
home pfodaetton she can get for some years to 
corne- More sheep, more pigs, and more hens, a,s 
wtII as more cattle, are w^anted. The Minisirr ha.s 
stated the targe ls which the Government hope to 
sGc achieved this year and next year. No limit is 


SCI to home production, and as farmers know the 
prices guaranteed for IB months ahead there is 
every reason to expect a satisfactory response, 
provided that the additional feeding-stuffs needed 
for an extension of pig and poultry productioo 
are found eL±er by increased imports or by setting 
aside ^ome home-grown cereals for stock feeding. 

The achievcinents of British farming in ibe war 
years ha vie shown that this coimtiy siBI has some 
of the best formers and farm worker^ in the world. 
.Amcric-ans and Canadians who have come here 
to see for themselves have been loud in thetr 
praises. Crop yields generally have been remark¬ 
ably good, thanks lo fuller mechanization, which 
has tnabied cultivations, even on the greatly 
increased arable area, to be done M the right 
time, and thanks also to the largely increased use 
orfErlilizErs, notably nitrogen and phosphates, in 
which many soils prove deficient when brought 
under the plough. 

To-day the l^socts of sclcodc arc being put into 
practice on the great majority of British farms. 
Technical advice is indeed now bocoming the main 
functlnn of the War Agricultural Committee*, and 
its ready acceptance by the general body of 
farmers is a good auguty for future standards of 
fnimldg In this country^ 
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TIMBER AND 
WOODWORKING 

T he war has bmu^t home to the public 
in icntts of depriv^ation. and tnead- 
venience, if not oF statistics, the 
unportance of timber in the national cconoimy. 
Over 95 per cent, of our timber was imported. 
Imports of softwood atone were the heaviest 
import item, being even greater than those of 
iron ore or wheaU t n terms of value our oversea 
purchases of timber were by far the most import¬ 
ant of our raw material impoits- 
Since timber was always plentiful in supply 
the public did not realize its importance as a 
w^ar maieriah and Sir Arthur Salter's pEca in the 
House of Commons before the war that an 
emergency pumhasc should be made to relieve 
shipping if a crisis should occur brought no 
tespodse from members. Even after the Munich 
crisis our softwood stocks fell so that when war 
broke out they were well below the normal 
level. 

•The published statistics relating to the war 
effort reveal the extent to which shipplni diffi- 
cultieSp and in particular the Battle of the A tlanlic, 
endangered our essential supplies and threw a 
strain on the timber-using tmdes. No other 
raw material of magnitude shows anything like 
the same fall of imports, nor indeed was any 
other bulk materml replaced by home production 
to the same degree as timber. The bulk of our 
softwood used to come from Russia, Scandinavia, 
and the Baltic couniries, while wc received large 
quantities of pit props from France, but the 
course of the war cut us off from all these supplies. 
In 1942. at the height of the Battle of the Atlandc, 
our normal imports of 9^750,000 tons led to less 
than one-fifth of their Dormal level, and in 1943 
were only 1,750^000 loas. 

Quite apart from considerations of exchange 
and price, this situation alone would have made 
it ncoessary for the GovernmcBl to make or 
control all oversea purchases, and except for 
certain specialized woods which the various 
trades handled under licence, imports have been 
purchased by the Tunber Control on Nationiil 
AccounL As private pre-war stocks were used 
up, the bulk of the timber in the country thus 
came to be national limber handled by w^harfingers 
as agents of the Mmisicr of Supply- The task 


of the Timber Controller has not been ea^. 
Except for useful but small quantities of Russian 
limber, we had to look to Canada for the bulk 
of our imported softwoods. Great as this 
Canadian productive effort was even these 
supplies were not free of difficulty, since the 
scarcity of tonnage made ii necessary to rail 
across Canada from the w-est coast no less than 
2J50,CXX3 tons. 

These supplies, vital as they were^ left us with 
the problem of running our economy, including 
war production, on an import one-fifth of the 
normal level. One contribution to ihe solution 
was home production. Britain is not a heavily 
forested area, its lumbering industry was on a 
small scale, the business unit small, and the 
labour force, particularly the number of skilled 
men, also limited. The policy of the Home 
Timber Production Depanment was to rely 
upon the maximum of trade production, and to 
help this out by the Department's own production 
as a balancing factor to work the less acoessibk 
stands or to take up some special type of pro¬ 
duction urgently required. 

In 1943 home production at 3,8CX).000 tons was 
eight timEs lar^f than pre-w^, a growth to which 
no other bulk material can show a parallel. 
Instead of providing only 4 per cent, of our total 
supplies, in 1943 it contributed ooe-^half. Among 
its more striking achievements was the almost 
complete replacement of an annual import of 
TrSOOfcOOO tons of mining timber^ including pit 
props, by home production. The labour force 
rais^ from 10,000 to 70^000 by the use of 
7^000 mca in Canadian, AustraJiaD. and New 
2^aland mililary forestry units, of 2^000 men from 
Newfoundland, and others from British Hon¬ 
duras. as well as over 6,000 girls of the Wonten's 
Timber Corps. 

The Women's Timber Corps, which w-as 
established in 1942* worked largely out of the 
public eyc^ and has therefore received less public 
rccogulhou than it deserves, yet these girls, 
drav^n from a great variety of unlikely occupa¬ 
tions, for they Included shop assistants, milliners, 
typists, and teachers within their ranks, substi¬ 
tuted for men over a wide range of processes 
from measuring to light felling, tractor-driving^ 
and work on the saw bench. 

The third line of attack on the probJem was 
economy in the use of timber, and this had to be 
secured without endangering the war effort. 
This was accomplished through the machinery 
of the Timber Control Area Offices, which 
covered the whole country, and the insistence that 
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no timber could be iised or obtained without a 
licence specifying the amount released for each 
individiial job. This involved dealing with 
600,000 to 700,000 UcenciK a year, and in view 
of the drastic economies enforted on the appli¬ 
cants it speaks well both of the Control and the 
consumers that the volume of real complaint has 
been so small 

By Januaiy, 1940, even consumers’ private 
stocks were brought within the system of lic^Ge. 
As war needs expanded and timber supplies 
declined acute questions of priority ardsc^ and It 
became necessary to supplement the hcensing 
^sicm by giving each Government Department 
a timber ration or a<xount. Out of this it had to 
provide for the programmes for which it was 
responsible by issuing ** timber cheques ” to its 
contractors and consumers. 

The public has graduaJly learned the severity 
with which Timber Control has been compelled 
to use the licensing system to carry out its 
economy functioEis. Some uses of timber were 
prohibit altogether—namely, for pianos, gar¬ 
den fumiture, dog kennels^ &c. The manufacture 
of furniture was first limited and then pro¬ 
hibited altogether for a period, and long before 
the system of budding licences began Timber Con¬ 
trol stopped the release of timber for private 
building completely. In other cases the amount 
of limber released was greatly reduced. 

Thus the loss of imported finished matches and 
the reduction of imports of wood for matches 
was only partly replaced from home sources, so 
that total match consumption was reduced by 
one-third- In other cases redsign to securiH a 
reduction in timber content was suggested and 
enforced. For wartime houses only a fifth or less 
of the usual amount of timber was allowed, and 
even coffins were slimmed in thickness to yield 
a saving of 500,000 cubic feet per annum. Nor 
were the servicEs and Supply Departments free 
from scrutiny. Thousands of War Office speci¬ 
fications were overhauled in the early stages of the 
war, and in the later siagcs timber specifica¬ 
tions were worked quf in advance with Timber 
Control. 

The substitution of home-grown for imported 
timber, or hardwood for soffwood w here technic¬ 
ally possible, and of plywood for solid wood was 
demanded from manufacturers and departments 
alike. The railways accepted very large quantities 
of home-grown wood for sleepers and wagon 
biiilding, while the Post Offke relaxed the strin¬ 
gency of its specifications for telegraph poles. 
Even slabs and off-cuts and 200,000 tons of 


recondiiioned timber salved from bombed 
houses and second-hand crates were pressed into 
service. About a quarter of our softwood goes 
to make packing cases and boxes of various 
kinds. Great economies were secured by making 
the release of timber conditional upon arrange¬ 
ments for a high degree of letumability, while 
the endless types of agricultural packing were 
reduced to eight, and those of fish boxes were 
brought down to three or four economically 
designed sizes. 

It was by such measures as these that wc were 
able to provide for the great war programme, as 
wcU as to reduce total consLimption to one-half 
and softw'Dod consumption to less than one- 
third of the pre-war level The provision of 
thousands of army huts, miles of flooring for 
Bailey bridges^ thousands of tons of shuttering 
for Mulberry, chestnut pale icacLng for track- 
waySv heavy piling timber for dock eoristruciion* 
millions of bunks for A.R.P, shelters, smd 
hundreds of thousands of ions for beach-head and 
Pacific packing was thus made possible. The 
production of a high grade of aircraft plywood 
made from imported birch, the search for 
Balsa, and the development of the all-wood 
Mosquito are a story in themselves. 

These results were secured only at a price. 
The cut of our limited woodlands was far more 
severe than that in many countries occupied by 
the enemy, so that not only is there the task of 
restoring depleted national resources, but there 
is a diffkiilt adjusement in front of the home- 
grown trade, which now finds itself with most 
of its accessible raw material gone. Importers 
also have a new situation to face. Although 
before the war dmber-produeing countries were 
beginning to take concerted action in their own 
interests^ as a great importing country our 
buying strength was a sound bargaining counter. 
But the devastation in Europe, together with the 
fact that timber is the great emergency material 
means that wc now face a seller's market. It may 
be that for some time softwood purchasing will 
still have to be on Govermnent account. 

The trade is also troubled lest the enfonzed 
substitutions for timber ^ould become per- 
maneni. Thera is no doubt that wc have learned 
to use timber more scientifically, though how far 
ihesE new practices wiU be retained when suppli^ 
are more plentiful is a matter of some controversy. 
The various wood-working and fabricating trades 
have also got iheir troubles. Owing to the 
pressure of urgcKE war demands these trad» 
have been provided v^iih machine tools on a 
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[urge scale, and ihe capacity of the indiistrj' is 
considerably iffcatcr than before the war, Al the 
iomc tinic the different trades have trosstid one 
another's boundaries, for fLimiture firms made 
airframes and packing cases and boxes, while 
Wood-working firms which had never made 
furniture before have had contracts for Govern¬ 
ment fuiitituiic and stDres of all kinds. 

The settlement of these problems wontd be 
easier if the supplies were plentiful but it is not 
going to be easy to raise depleted stocks from 
their present hand-lo-mouth level to pre-war 
figures, as wed as overtake the enormous arrears 
of Amiitiim, house-building and repairs, indiisiriaL 
re-equipment, and even packing casemanufacture. 
The limber trades have hitherto paid little 
attention to the statistic^ of thdr industry. The 
basis of policy should be knowledge, and it is all 
to the good [hat steps arc being taken to remedy 
this defect. The timber and wood-working 
trades have perforce had to make severe adjust- 
menis during the war, and aided by the widened 
experience of those of its membi^ who during 
the war have gained practical knowledge of the 
natlonaJ aspects of limber rMbcyn they will no 
doubt be able to surmount the immediate diffi¬ 
culties that lie ahead of them. 
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BRITISH PLASTICS AT 
WAR 

F or security reasons, little publicity^ hax been 
given to the part played by plastics during 
the war. The dc^/clopmeiits made and the 
components in which plastic materials have 
found application have necessarily been sup¬ 
pressed, but a comprehensive survey is now 
possible. 

In 1939 the Government set up a technkal 
service to act as a link between the services and 
ihc Ladustry and to ensure that the Government 
had efheient advice on the subject of plastics. 

It became obvious after a year that control 
and allocation of plastic matcriais were essential 
and a Plastics Controller was therefore appointed 
by ihe Raw Materials Departmeat of the Ministiy 
of Supply. Dcvclopmeni of spedfications For 
plastic materials was undertaken by technical 
committees of the British Plastics Federation 
with the assi^tanoe of the British Standards 
Institution, and liaison was maintained with the 
supply departments. Close contact was kept 



Plastics are widiily used in the JuaniifactLin; of aircraft windows. Above are iwt> phytUBiaphs taken during the con¬ 
struction of a Perspex hnod for a ^idire aJrcrafL Left r Placing the heated Perspex over the hood before ihaping. 

Right: Trimniing off superfluous uuitcnal wrth a bs^ndsaw'. 
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with the Dominions and other conintries throj^ 
the Sckrntillc Liaison OfiUces and by interchange 
of visits by experts. 

One of the most important of plastic jxiatcriaJs 
is the phcnaLic resin. Moulded phenolic plastics 
are probably most famUiaj: to the layman in 
the form of telephone mstmments and other 
domestic httings. Phenolic o^terials are made 
from phenol and formaldehydep reinforced 
usually with a fibrous material such as wood 
flour. The properties of the materials can be 
varred widely by changing the resin or filler* 
or both. The use of a cotton fiJkr increases 
mechanical impact strength; asbestos increases 
heat resistance; mica improves electrical 
properties, and so on. 

Urea resfrts have been used mainly for cements 
and adhesives^ and in these instances much 
progress has been made, particularly in the 
development of waterproof plywood for the 
aircraft Industry. Melamine, on the other hand, 
w^itb its greater hot water resistance, high ttm- 
penarure stability, and good and-ciacking pro¬ 
perties, has found numerous uses which will 
be advantageous for post-war development. 

The biggest developments on the material 
side have taken place in thermoplastics. Before 
the war, almost the only thermoplastic materials 
made in the country w^ere nitrocellulose and 
cellulose acetate; there was, however, some 
methyl methacrylate, polyvinyl chloride, poly- 
st>Tene (very' small scale), and polythene (poly¬ 
ethylene) just coming into production. But 
there was no manufacture of polyamides (nylon). 

The demands of the aiitrrdTt industry for 
cellulose acetate and polymeihyl-mclhacrylate 
sheet have resulted in the large-scale production 
of these materials. At the same time there 
ha-s been a corresponding development in know^- 
ledge of the Fabrication of these materials which 
should lead to many new developments in 
post-war appikattons. 

With the overrunning of the rubber plantations 
in the East by the Japanese the cable makers 
found themselves short of rubber at the very 
time when the services and industry were making 
ever-incrtashig demands for their products. 
The answer was found by the use of polyvinyl 
chloride (P.V.CJ. This has proved to be a good 
insulator, and it can be extruded as a casing 
round wires without undue difficulty* New 
plants were erected to meet the demand and 
though at hm a tnjantity was im ported under 
icnd-leasc, practically all our requirements are 
uDw^ met by our own production. ThLs should 


be a great benefit to the industry, sfnoc the 
material ceui be moulded^ extruded^ and pro¬ 
duced in sheet form. Its peace-time applications 
cover various uses, from floor coverings to 
wrist-watch straps and curtains. 

Nylon is now made in this country and has 
provided the bristles for tooth brushes and hair 
brushes for the forces and medical sutures in 
place of gut for the med.icaJ services. It has 
also been woven into ropes for gLitkrrs. But the 
outstanding development has been the production 
of the new all-British plastic material pob^henc. 
ThU was just conung into production in 1^38. 
Its production now is 2,0DD times the pre-war 
output. 

It SD happens that Radar equipment required 
an insulating material with minimuin power loss 
combined with flexibility. Polythene provided 
the ajiswcf. It is also a versatile material which 
can be cold drawn, e-vtruded, iujection-nioulded* 
and produced as foil. 

Cellulose acetate film was made here before ihe 
war. The production of first-grade film for photo¬ 
graphic purposes demands special precautions* 
but satisfactory film has been produced in large 
quantities fftr the R.A.F. It is also used for 
X-ray purposes., W'hich was of special signihcancc 
in the treatment of the wounded and Ihe develop¬ 
ment of mass-radiography for attacking tuber¬ 
culosis. 

>^'heii the war came, the service Ministries 
soon called for huge quantiries of mouldings and 
specified the kind of tolerances more appropriate 
to mass production in metal than in plastics. 
Thus all the prcvioiisly unused skill and a good 
deal more wa.s in demand. Many speeiuE grades 
of phenolic moulded piastres developed before 
the war were immediately required. Materials 
were also developed which were compaiible w^lth 
explosives and with the various chemicals ein- 
ployed in chemical warfare. Plastic container^ 
played a not inconsiderable part in our pre- 
panlLiorLs for gaus warfare. 

The corLtribution of these materials to the war 
effort was marked by their w'ide adaptability and 
steady improvemEml in quality and fabricating 
technique rather than by scnsatioftal applications 
or developments. 

Typical applications were shell nose caps, hand 
grenades (many millions of these two items atone 
were produced), gas valves for barrage balloons, 
okarator pad containers for guns* rocket and 
shell components, telephone line insulators, and 
streamliiit^ aerial loop housings for aireriifi. .A 
particuliirly firie example of improved moulding 
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lodinique developed in the later days of the war 
is an aircraft petrol pump impeller, a deep, tMn 
spiral whkh was TncLildcd to very line limits in 
one openition, whereas previonsly h had been 
laboriously machLacd from metal r It not only 
provided a corrosion resistant component but 
resulted in considerable saving of man and 
machine hours. 

in addition to use in service equipment, 
phenolic mouldings were widely used in ordnance 
factories for such items as Glliiig trays where the 
danger of sparks precludes the use of metals. 

One of the first big jobs was the famous 69 
hand grenade, which was coming the presses 
of five diRemii mouJdiUR works at the rate of 
hundieds of thousands a week during 1940. 
Shell fuse caps and shell plugs were soon in 
large-scale production and English moolders 
were working flat nut to limits finer than they 
would have believed possibte. 

In consequence of this rapid development, 
when, after Pearl Harbour, we began to weloqine 
to our works representatives of the American 
plastics industry, these technical experts expressed 
their surprise at the immense use which we were 
making of plastics moulding for war equiprrient 
and we were able to provide them with much 
detailed information. Soon the 69 hand grettadc 
and many other onlnauce stores with which wc 
had long been familiar were pouring out from 
moulding works in the United States. 

One of the main uses for urea mouldings under 
war conditions w'as for lighting fittings, ranging 
from special designs standardised on all his 
Majesty's ships because of their resistance to 
shock of Eunfiic, to the immense numbers of 
rttdusrrial fiirings for the equipment of Britain's 
new factories, aerodromes, and military instal- 
latlou-s. [n addition to high light transmission 
with excellent diffusion, light weight and absence 
of hazard from splinters are important advantages, 
Tahleware for the Nasy, butions for all services, 
containers of many kinds, and vjirious esscnual 
items of equipment, such as chronometer cases, 
dials, and pointers for mdio and electrical cqujp>^ 
menu were other uses- 

Although the plastk: material melamine has 
been manufactured in England since J939^ the 
output has not reached very large tonnages 
because of the shortage of raw^ material. Mela¬ 
mine nesins made from it have been used primarily 
for the manufacture of British high-,streagth 
plywood, but some has also been employed a^ a 
base for coating re^ins^ for the manufuctiure 
of high wet strcngih paper and for certain very 


important mouldings. Every^ ounce of melamine 
has been used solely for the highest priority 
service requirements. Mineral-filled melamine 
mouldings have established new standards of 
perfamianoe in the Ignition equipment of aero 
engines while mouldings have been made for 
several years from a special unflUed melamine 
for some Admiralty equipment which is still 
highly sccrcL 

One of the most spectacular uses for plastics 
during the war was the wide use of acrylics for 
aircraft windows where large curved panels 
are required. Owing to its remarkabk trans¬ 
parency and lightn^ it is excellent for the 
purpose. Aciyiic resins have also been used 
for internal lenses of scientific instruinents and 
also in the surgical field. Complete plastic 
binoculars have been supplied to the Navy, 
with plastic lenses and plastic outer case. 

The outstanding uses of celluloid were as an 
interlayer for safety glass for bullet-proof panels 
on aircrafl and for tank visors^ as well as inter¬ 
leaving material for service respirator eyepieces. 
Another use was for map cases. 

Vast numbers of cartridge coniaincrs were 
made and an Interesting use w'as the production 
of incendiary leaves, which comprise small 
pieces of celluloid two inches square which were 
sandwiched in pairs on either side of phosphorus. 
These leaves were transported m water tanks 
by air and dropped over Germany to fire crops 
and forests. 

There has been an ever-increasing demand 
for ceUulose acetate plastic^ and it has been 
used for transparent glazing and also for com¬ 
ponent parts in the inside of aircraft. Trans- 
paicRi wirc-reLnJorced material was used most 
successfully as a rieplaoeiment for glass in buildings 
before the war, where its use diminated all risks 
of accidents due to glass splinters. During the 
war it was also used very largely for windows 
of Army lorries. 

Several hundred miUjons of cellulose acetate 
cyeshlelds were made. Tliis simply designed 
and practical cyeshreld is one of the neatest 
jobs the plastics industry has turned out during 
the war. 

Another plastic, polystyrene, with its excellent 
electrical properties^ has been in much demand 
for radio sem and radar equipment An out¬ 
standing development in the manufacture of 
co-axial cables was the use of polystyrene 
sepaiutors. 

B,V,C cable covering has been extensively 
used in aircrafl, as it is able to withstand the 
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speciaJ fluids used id Lhe hydraulic systems. 
Its abrasidd resistance is rsmdrkBbk:, and it 
has been found that it is an excctlent maicriaJ 
for the cnirtaijis of shot-blasting cabinets. 

It is well known that p^etrol is a solvent Tor 
rubber, but extruded tub® of thi-s rubber-like 
material, P.V.C., have been successfully used as 
petrol feed pipes in aircrafL, thus os'cncoming 
the danger from fracture due to vibration fatigue 
of metal petrol pipes. It has also been used for 
n>edical tubing and ini^tioii bags for giving 
continuous saline baths in case of extensive 
bums on limbs. Paratroopers were supplied 
with small water bags made from P.V.C, which 
roll up into- a small space when not required. 

Large quantities of laminated sheet were used 
in peace-time for clcctricaJ insulation—par¬ 
ticularly for telephone and radio equipment. 
Sn modem warfare speed and reliability of 
communication may frequently determine whether 
battles are won or lost, and where radio played 
such a large and important part—not only In 
commimJcation, but m detection aEso—phenolic 
laminated materials fuIfUed a vital role. 

Fabric-nemforoed material is increasingly used 
for mechanical ocunponents of aircraft where light 
weight I laminated plastics arc little more than 
half the weight oF aiuniitutim) and sucnglh are 
valuable feamres. Many different components of 
the Mosquito, including such an important part 
as the piston m the undercaiiiagc system, are 
made from phenolk laminated plastics. 

In the early part of the war a reinforcing 
material was required for wooden aircraft, 
LamEnated plastics were thought to be suitable, 
but aircraft manufacturers experienced diffkulty 
in gluing the material to the wooden parts of the 
aiicraA. Faced with this problem, the plastic 
maniiraclureis produced a laminated materia! 
with a wood facing, thus enabling the aeroplane 
utanufactUTers to take full advantage of the 
laminated plastics while employing wood-work¬ 
ing technique. 

Non-magnetic matjerLals were in dciuauiL both 
for the manufacture of mines and for mine 
detectors. EM:icctors rather like giant sweeping 
brushes without bristles, which became familiar 
through pictures of land mine clearance in the 
North Africaii dcsertH are made entirely of 
phenolic Lainiiiated plastics. 

Special types of inslroment cases which would 
normally be made of wood were made of lamina¬ 
ted plastics, which am not affected by tropical 
conditions of heat and humidity to the same ex¬ 
tent as is wood. Because of ihefr self-lubricating 


properties laminated ptastics have also been used 
for bearings for tanks. 

The partnership bciwisn wood and plastics 
developed enormousJy during the wan The in- 
vendors of a melamine hardener, with boiling 
water resistance, for urea resin- bonded pij'wood, 
made it possible to produce aircraft plywood in 
low temperature senwring presses. The use 
of ply-uood and laminated construction with 



\ war-time application of the use of plastics was 
for nose caps of shells^ One of the proces^ses in 
manufacture is seen iu this picture- 

cold-set gap-fiJling glues al towed the construe- 
tiori of the highest performance aircraft in fumi- 
lurt factories; and the world's fastest bomber, 
the Mosquito, and the world’s biggest glider^ the 
Hamilca^ were the result. 

Another example of the partnership between 
wood and the plastic resins is the material known 
first as improved wood ”—^very thin veneers of 
wood alEcmated with sheets of resinous film or 
liquid resin glue. Under heat and pressure the 
ream impregnates the wood and the whole Is 
bonded into a compact material which possesses 
properties derived from both wood and plastics. 
They have great sirengdu good electrical proper¬ 
ties, resistance to chemicals, dimensional stability^ 
and exocllctit machinabihty. Electrical switch- 
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gear, batlcrj' boxes, press tools and Jigs, water 
Jubriciited bearings may be cited as examples of 
the wide range of aritcl^ made from this inaieriaJ. 

Plastics have played aii all-imponarn pan in 
ihe wooden ai^screw^ The wood bminates arc 
ccittciiicd together with urea formaldehyde glue, 
ihe root end is made of compeegnated woodn and 
the entire blade is covered in thermoplastic sheet- 
ing. With this plastic skin the blade is imper¬ 
vious to wTcatbcr conditions^ and it has protection 
from flying stones and particles of grit when the 
aiiciari is taking oft\ These materials were in 
large-scale production throughout the war, and 
in fact many of the fighters which won the Ba ttle 
of Britain were already equipped with airscrews 
made from Oicin. 

li is not possible in a short article to give a 
complete survey of the greal part the British 
plastics industry played in the war^ bui enough 
has perhaps been said to show that the skih of 
British workmen in producing very high-grade 
moulds and the skilled IcchniqiJC of the moutder 
and fabricator^ whose main occupation in peace¬ 
time was to produce highly decomti%^ articles* 
made a great contribution to the national war 
eftbn. 
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DRUGS AND 
PHARMACEUTICALS 

A S far back as 1^36 GovemmcDt Depart- 
tm:nts were engaged .on plans desEgond 
to safegunnl supplies of 'ossentEal 'drugs 
and medical products in the evcnl of war with 
Germany, Esthnaitt of rcquirtniKiEs of essential 
drugs were prepared and, later, actioti was taken 
through the appropriate Supply Commitlee to 
augment slocks and to supplement the stocks 
of certain important crude drugs in the hands of 
private traders by the setting; up of Govercunem 
reserves. These reserv'es included opium from 
Turkey, ipecacuanha from Brazil, and ergot From 
Spain and PortugaL 

After the outbreak of war the supply position 
of certain important vegetable drugs was funher 
strengthtned by an Lnenjase in production on the 
part of British cormuercial growers and through 



The large-scale productjori of 
peniedlin was one of ibe moM 
important war-tinw cffurts of il>c 
ch^ical induatry'. 'fliesc photo- 
graphs show two stages in its 
prodiicLLdn- Top; Emptying ibe 
mould from bottles. Betow : The 
mould developing i it an incubato t. 
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ii Khcme of private coIliTction orgauLzcd by 
County Hrrb Committees on behalf of the 
Vegeta ble 13 rugs CoirunittK cstiibllshcd by ibe 
Ministry of Health. Among tlie impormni cnidf 
drugs gro^vn commerdaUy on an increased scale 
or collected under the scheme were digitiiiia, 
helladonna, hyoscyamus, and male fern. Rose 
hips con sain Vitamin C^” and through the 
County Herb Committees liirge quantities were 
collected and provided a valtiabSe addition to the 
norie too ptentMU supplies of that important 
vitamin. 

While at no time was there a serious shortage 
of any vital drug owing to ihc imzasufes taken p 
it became evident during the early part of ihc war 
that, in order to conserve supplies and to deal 
adequately with the diiBciili supply position that 
seemed likely to arise during a long war^ co¬ 
ordination of the various octiviiies was neoessaryv 
and accordingly in 1541 the Directorate of 
Medical Supplies was established in the Ministry 
of Supply. Since Ihen alE aspects of medical 
supplies have been dealt with by the Directorate 
in ihc closest cooperation with the United States^ 
including production, controls, imports, exports, 
and the provision of supplies for the Dominions, 
colonies, allies^ Unnn, and liberated courttries. 

Jn the held of synthetic drugs, cme of the most 
diflKult problems lacing the phamiaceuucal 
industry at the outbreak of war was the produc¬ 
tion of a Brilish equivalent for every^ foreign 
proprietary' prcxluct considered to be essentiaL 
The high percentage coming from Germany 
w-as cut off the moment hostilities began, and Ihr 
collapse of France lediioed the available range 
still farther. 

As early as the Munich crisis in 1933 the 
British drug industiy Laid its plans. As a result 
of conlcrences between representatives of the 
Manufacturers* Association and the Medical 
Research Council a list of 17 vitally urgent 
products was preparecL Experts comuJted the 
relevant potent literature and thus prepared the 
way for rapid work should war break out. 

When war was declared no time was W'asted. 
Enemy patents lost their proiective power, and 
research, as distinct from orgaoixatjoruil work, 
was started at once. Many pmcticaJ pmbiems 
had to be overcome. It was soon found that the 
description of manufacturing processes given in 
many paiejiLS tended rather to hide than to 
disclose facts. Every product therefore presented 
a thnxfold probleriL Its tbrcreticul basis had 
first to be established in the laboraioiy'. Next, 


pilot-plant manufactuie had to be organized. 
FmaUy came mass production, in which engiiveers 
and chemists combined their knovi^kdge. 

These diverse obstacles were alt sunnounted, 
Th^ following list gives examples of the products 
fonuBrly obtained from abroad and now available 
from British sources:— 


Usfl 


Products 


Anacsihclics [to pro- Bromctbnl, hcKobi^rbitonc solu- 


ducc local or ecncmJ 
uncon-iciuusnei^) 


ble, bcit^ucaiii. orlhapitn. etho- 
eaine hydroehloride (liMobar- 
bitone soliible ts ofLen prererresl 
to chlorerunn and cUierl 
Pethidine hydrochloride, pbemi- 
lonc, phcny]scTnjeq.rhaJidc 
Dipheiuin 


Analgesics {to ease 
painj 

Aqthclrrtindcs (to 
cure intemat worms) 

AiiLi-epiJeptks iio 
prevent or ease fits) 

Anti-Tnalariflls fto 
prevent or cure 
malJLriu) 

Cardiac and respir¬ 
atory stimulajns uo 
stimulate the heart 
or lungj 

Cardiac Tepressants^Carbachol 
{\i> slow execuive 
ttfan-beai rate) 

Diagnostic adjuvants] Diodooe, iodoxyl, pheniodo 
IpheikiodoL is used in radio^ 
graphic examination of the gall 
bladder lo obtalii a superior 
shadow) 

Dichranol, ftujsiiEp hen 
I AUobarbitooe (this horhummte 


Phemitone 

hJcpacnnc hydrochloride, mepa- 
crinE mrLhanc sulphonate, 
pamaqiiin 

Phokdrintit nlkEthamidCp Icpta^ 
zol, hexazole [lepiazot is 
used in shock treaiment of 
slubburn psychological iUnesst 


(to aid diagnosiis or 
enable it lo be made) 


Skin diseases 
Hypnotics (to calm 


duce sleep] 


nerves '' or pro^ produces sleep wiihoui loavinB 


a sensation of drowsiness on 
wakingj 


To these can be added various veterinary pre¬ 
parations^ such as pirevan and sulphacemmidc. 

A heavy increase of output hod to be organized 
by the British chemothcrapeuttc industry, in spite 
of enemy air attacks^ man-power difficuliios, and 
scarcity of raw materials. Yet the required 
additioital pfoduction has always been forth¬ 
coming. In the hormone field there were Increased 
demands for testosterone, progesterone, 
sLilboestcph hexcestrot, and derivatives such as 
methyl tcstostcronE and tstoslnrone propionate^ 
as well 05 adrenalin. 

Much more could be written regandir^ the 
steps which had been taken to ensure adequate 
supplies during war-time for which there is no 
space, but mention may be made of one or two 
spocial items. 
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IIRITI5I1 WAR PROQUCTJON 

At ihc Outbreak of war little being done 
in this countrv' in the rTuinirfa£tLire of the newer 
suJphoiiamides such as sulpha Lhia 2 ale and stiJpha- 
qnanidine, the iatier or w^hich ha^ been invaluable 
in the treatment of bacillary dysentery, and^has 
been required in very Luge quantities by the 
services. Production was established in this 
country after the outbreak of War^ and the 
output of each of these two drugs is now in the 
ncighbourhCNDd of SO tons per annum. 

Before the entry of Japan into the war the 
world relied on quinine for the ireaiment of 
malaria ta disease which is probably the biggest 
single cause of deathin The fall of Java, which 
produced 95 per cent, of the world's quinine, 
was therefore a marter of the gravest concern, 
especially since active operations were lifcety to 
take place in malariaL zones. 

In consultation with the United States steps 
were taken to conserve such stocks of quinine 
us then existed and to restrict them to ihe treat- 
tncni of malaria. Simultaneously, joint steps 
were taken to explore the possibilities of obtaining 
cinchona bark {from which quinine is extracted} 
from other sources, mainly South America. 
Joint plans were also made for the manufacture 
of an aitemativc drug of German origin knowTi 
as atebrin^ but now manufaciuitd in Britain 
under the name of mepacrine. This drug had 
not been extensively tried out os am alternative 
treatment and was being made only in very small 
quantities, either in the United States or in 
this country. There was, however* sufficient 
faith in its cfncacy to warrant making provision 
on an extensive scale. These steps have been 
fully Justified, with the result that the drug is 
proving to be in some respects even better than 
quinine both therapeutically and prophylacticaily, 
and the present joint output of the United States 
and Great Britain is equal to many times the 
previous world production of qufniDc. 

One of the most important war-time demands 
which the fine chemlcai industry had to meet 
was for penicilliti, which reached the practical 
stage in 193B-39. The story of its development 
by British scientists from Sir Alexander Kleming s 
diseosery in 1929 to its large-scale production 
as a therapeutic agent both in Britain, under 
direction of the Minister of Supply, and the 
UnJted States, under the direction of She War 
Production Board, during the war is now well 
known. 


The academic workers collaborated with 
commercial monuJaciurers in an alliance regarded 
Os a good augury^ for the futun:, and enough 
penicillin was produced For clinical tests on 
which the most tHeclive dt^gt and the best 
method of treatment were worked out. 

In 1942 Professor Florey went to the United 
States and placed at the disposal of experts 
there all the theoretical and practical knowledge 
that he and his co-workers bad accumulated. 
Descendants of Fleming's mould, which hitherto 
Wert the source of the world's cuiire supply, 
were taken to America and laid the foundation 
of manufacture there. In 1943 Sir Howard 
Florey, with Brigadier H. Caiitis, carried out 
in North Africa an investigation into the use of 
penicillin in war wounds. Later the information 
resulting from the interchange of experience 
between British and American investigators 
w^as placed at the disposal of Russian scientists. 
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INDUSTRIAL ALCOHOL 

T he outbreak of hostilities in 1939 placed 
a heavy burden on the manufaciurers of 
industrial alcohol and solvents, as these 
materials enter very largely into war production. 
The list of usages of industrial alcohol and its 
dcrivaiivcs, such as acetone, butyl alcohoh and 
acetic acsd, is formidable and covers, among 
many others^ ihc manufacture of propellants, 
war gases, liquid coolants for aircraft engines, 
air-screw de-icing^ parachute fabric, hydraulic 
fluids for power-operated gear for aircraft and 
armoured fighting vehicles, and plastic materials 
and finishes of all kinds. ■ 

While the pre-war capacity for producing 
industrial alcohol was sufficient to meet all 
requirements for the above purposes, the greatly 
increased demand for acetone and butanol 
was such that the industry was asked tu instal 
considerable addJiionaJ equipment. 

The principal raw matcriaJ from which 
industrial alcohol is manufactured in this country 
is moEasseSp which is a by-product of sugar 
manufacture and is produced wherever cane sugar 



and 5 UEar beet lire grown or retined. Molasses 
itself has other uses, such as the mauLiractLjre of 
compound cake ror cattle feed and as a raw 
material for baker^s yeast; both of tliese products 
use a very considerable tonnage. 

flefore the war a large cmergeticy stock of 
molasses had been built np in this cottntr>' 
through the initiauve of the molasses and dis- 
tiiling industries, and this stocky which 
taken over by the Ministry of Supply in Septem¬ 
ber^ \939, was of the greatest value in the early 
years of hostilities. In addition to becoming 
the sole owner of aJI molasses stocks in this 
country and of BritLsh-owried stocks oversea^ 
early in the w^ar the Minislry of Supply made 
arrangcmeiits to purchase on public account the 
United Kingdom stocks and production of 
industrial alcohol, acetone, butanof and acetic 
acid. These industries have thus been subject 
to the direction of the Ministry and, in aU^ 
mola&ses, alcohol, and over 50 derivatives have 
been brought under statutory or voluntary con- 
troh 

In Wew of the importance of these products 
for service requirements* it was necessary to 
restrict supplies to essential demands and, in 
many cases, to prohibit Jess important usage. 
This became more ncocssaiy as the shipping 
position deteriorated ; indeed, in some instances, 
there was no alicmative but to cease or reduce 
manufacture in the United Kingdom and to 
import the finished article from the United 
States. As an instance of some of the difiicultics 
which had to be overcome, in the summer of 
L940 it was decided that too great a hazard 
involved in discharging tankers at east coast 
ports. Equipment was therefore transferred to 
areas where molasses could be imported with fess 
risk* and this transfer was aocomplisbcd by the 
industry with commendable expedition. As a 
result, alcohol and soLvcnt capacity was 
maintained at a level adequate to process all the 
available material. 

Ln 1^41 the tanker position had become so 
acute that in order to make greater use of the 
available vessels, airangemcnts were made to 
obtain bulk cargoes of alcohol and acetone from 
the United Stales, and during the war large 
quantiti^ have been Imported, production of 
^ohol and solvents in this country being 
correspondingly reduced. 

The position in i^pcct of molasses supplies 
was also cased by the erection in this country 
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of a plant desigacd to produce industrial alcohol 
and acetone from oil specially cracked for this 
purpose. This development, which was of con¬ 
siderable technical ioteresi, was also supplo- 
mented by other proiects utilizing akemative 
raw materials to molasses. 

Such changes in normal trade operations as 
am outlined above, involving the curtailment or 



Spraying the wing of a bomber with a 
protective finish- Among the uses of 
induslriiil ulcqhol iind jc^ deiivauves arc 
fimsJies of many kinds. 

complete cessation of production in the case of 
individual works, required very close cooperation 
between the industry and the Ministry of Supply* 
It stands to the credit of aJl concerned that their 
relaiions were most cordial and helpful through¬ 
out this di&uJt period. 

With the termination of the war and the casing 
of the shipping position, the difficulties referred 
to will gradually cease* and ample supplies should 
soon become available to meet post-war demands^ 
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THE COTTON INDUSTRY 

T he resull of the WEir upon the fortunes 
aad prospects of the British cotton 
Industry has bcsco to improve ihcm. In 
the affairs of the industry were not in a very 
promisiii£ cotifiitlon. The Late oinetcen'twcnLies 
and the nirwleen-thinies had been y^rs of retreat 
So far as the vast export trade m cotton textiles 
was cotioemed. These CTcports had been one of the 
wonders of the worlds if onJy by their sheer 
maEnirnde, before the first German wtit—- 
7,0(30,000,000 yards per annum. By 3938 they 
were down bcEmv 2,000.000,000 yards. 

Half the Joss was due to compettdon from 
Japan^ based on incredibly low standards of 
livinE and currency depreciation, coupled with a 
performance in policy and operation which com- 
mauded respect. The other half was caused by 
high protection in countries which liad deter¬ 
mined to run thejr own textile industo' whatev-er 
the price to be paid. The British cxitton industry 
had passed through anxious years of searchinE 
for the right adjustnienLS to these new conditions, 
impeded all the time by raJJIng volun^ and losses 
of capital. In the summer before the war it had 
united to seek a BILJ in Parlianient to give It a 
new centralizied organization to diitcb the 
necessary adjiistmedts. The Act was passed [□ 
July, but along with other measures passed in 
the last few weeks of peace, it was put into cold 
zitora^ when war broke ouL 
The outbreak of war therefore caught the 
industry at a moment of sonte confusion. In the 
course of the war the industry had to endure 
more than most othens in the w’ay of unavoidable 
and compukofv' chanE&s. First k was told to 
export everything possible to gain vitally needed 
dollars and hard currencies. Then commerctal 
exports wTre entirciy shut off. In tlie black dnys 
of 1941 one-third of its mills were dosed down, 
so that their workers might be transfened body 
and soul to munitiOEis production. Then it 
gradually became increasingly evident that 
cotton goods were going to be among the crucial 
needs of the new kind of war. The cry' from 
London to the sadly denuded industry' was for 


more and more production, and the unhappy 
lemon had to be squeezed and squashed by 
planning and more pl annin g 

Through ah these experiences the Lancashire 
men plodded on—a triEk by the shifts of 

policy, grumbling a little at the impo^si hill lies 
required of thenL but doing a fine job of work 
and incidentaliy learning u !oi of things w'hich 
many now belteve will turn out to be the answers 
to those complex problems of I9J9. The iustifica- 
lion of these hopes will be seen by any thoughtful 
.student of the industry's w'ar-time experiences. 

To begin tiic story it may be convenient to 
the reader to have a brief recital of the bare facts 
from the production angle. 

As already stated^ the cotton industry' was 
concemrated to between one^thinj and one-half 
of its pre-w-ur level This neduciEon in output, 
combined with heavy additional demunds for 
mifiiajy purposes, brought the output of the 
industry under a strict rationing system fur the 
allocation of the availabk supplies among the 
principal user^. This sv'stem wits operated ai 
the highest lev-el by the Raw Materials Division 
of the Pfoducitun Executive—later the Ministry 
of Prodifction—and yam allocations were made 
to some 20 Government Departments as well a_s 
to industrial groups. 

Over oncsthird uf production allocated 
to military uses, and it may be esfimated that 
some 300,000,0001b. of yam and 600,000,000 
yards of w oven fabric w-ere produced annua I Ty 
for this purpose. 

About one-fifth of production was directed 
to civilian duihing and approximately the same 
amount to essential exports to Dominions and 
allied countries. The reduction in civilian trade 
was to about one-third and of exports to about 
one-quarter of pre-war levels. The remainder 
of production was directed to essential industries 
in this country. 

The reduction in home and export supplies 
led to funher rationing schemes^—the 
Udiity progfamme and the allocation of exports 
through the Combined Production and Re¬ 
sources Board in Washington, The litifiiy 
scheme was designed to produce supplies of good 
quaiiiy materials at reasonable prices, and it had 
the effect of increasing productivity by con- 
cenUadng production on a relatively small 
number of styles. The international ahocatton of 
exports was designed to relieve the shortages in 
oversea markets and enable these countries to 
plan their own civilian requirements. 
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Obviously alJ (his needed elaborate organtfiirts 
□f control and direction ; equally obviously 
these would have achieved but little without 
loyal, iniedigent and resourceful cooperation^ 
which in fact they Tcccivcd in the fullest measure. 

The Colton Controh a bmneh of the Ministry 
of Supply^ has been responsible for supplies of 
the raw mntcriuJ—iit times a very anuciis C|ueS' 
tion—and for planning production up to the 
loom state cloth. Side by side with the Cotton 
Control there has been since Marcfc), 1!^^ the 
Cotton Beard. This body wiis established lui- 
tialJy at the outbreak of war and was given a 
statutory' basis in Matchn 1940. In composition 
jt was designed to resemble the Board envisa^d 
by the Act of 1939, the operation of which had 
been po^Lponed. But its terms of referertce were 
purposely LefL quite vague and gcneml. It was to 
be repr^ntative of the industry^ e.\cept for its 
chairman, who was to be independent and im¬ 
partial. It was to be responsible to the Board of 
Trade. The openness of this mandate coupled 
with the sequence of events has ted the Cotton 
Board to assume a wide and varied rangx: of 
duties. It has been specially couccmcd with the 
distributive side of the industiy^'s activities. If 
only because this W'OS beyond the point where Ibc 
domain of the Cotton Cootrol ended. In its work, 
during the war the Cotton Board has acquired 
much factual infonnation and experience which 
cannot fail to be of immense value now. 

The war has shown ihe importance of coordina¬ 
tion between the hon^oatal seciions of the in¬ 
dustry'—.spinning, weaving^ fini s hing^ and dis- 
tributioa. Production planning by the Cotton 
Control was necessary to ensure the availability 
of the nght types of cLdOi in the right qiiaoliiies 
at the right time for essentia! pLu-poses. The 


Cotton Board has administered a scheme for pro- 
ducing utility fabrics of both cotton and rayon 
for the purposes of Hm: system of utility clothing 
cirated by the Board of Trade to supply the nuni* 
mum requiren^nts of the civilian populatio wi th 
thoroughly satisfactory goods at controlled piiocs. 
The Cot ton Board has also conducted a plan of 
allocated exports for destinaiions ihe supply of 
which was considered by the allied authorities as 
essential io the war effort. The Cottoa Board ha.s 
administered care and maintenance lutids, sup¬ 
ported by coDtributions from running hrms and 
disbursed lO the mills closed under the con- 
centiation of industry' policy. 

On the technics] side [he pressure of war-time 
needs was a powerful stimulus to rapid technical 
progress. Cotton happens to be the most vital 
textile for war purposes, its uses Jbr scc^ioc 
requirements being far more diverse as well as 
more extensive than those of any other textile 
hhre. Its contributions to the services indeed 
are now' so many and varied dial it Ls hard tg 
know where to begin an illustrative list of them. 
Some of the uses are, of course, well known, 
and represen E no new dcveEopmzni—w'ebbing 
equipmcii4 for InstaDoe, ^airgicaJ dressings, 
various articles of clothing, working uniforms, 
Dveralls, and so on. It is naluioJ also to ind 
such products as sandfly netting and camouflage 
fabrics made of cotton. Hut modem warfare 
makes new^ defnands, and now the uniforms of 
tank crews and the Army dispatch-rider's coat 
are to be found made of stout fire-proofcd 
cotton, while the crash helmets of both frequently 
have a coitoo base. Airmen have wind-proof 
flying suits made of flue cotton gabardine and 
flame-resisting waistcoats of hne cotton popLn. 
Their parachute harness is of cotton, and so 


Cotton is used in the making of 
flyiDg-siiiu^ piinivhiilr hamevv, 
fl^tne-resisiing waistcoaix, and 
“ Mae West jackets. This 
picture shows Spitfire pilots wcar- 
inc typical flying clothing. 
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is their " Mae Wesi" jacket. Dinghies iised by 
bojnbcr tmd lighter plane crews when they have 
to hale out over the sea are of rubberized cotton^ 
and barrage balloons are made of cottoB ^itably 
prCMsfed. Many of the component parts of aero- 
plEknes themselves are made from a plastic 
material consisting of compressed layers of 
cotLoo doth impregnated with synthetic resins. 
The Navy, too, uses large quantities of coEton^ 
Ln many instances now as a substitute for fla\. 

A large number of these speciaUzed uses 
have been developed only as a result of intense 
research. The industry is fortimaie in possessing 
in the British Cotton Lndustry Research Asso¬ 
ciation (popularly known as the Shirley Institute) 
in Manchester the finest as well as much the 
largest tcKti]c research organization in the world. 
A great deal of war-time research work has 
been undertaken by this body, and the success 
it has achieved is certain to have more far- 
reaching consequences than might at first appear 
probable, for though its prestige has aJways 
stood high, its recent work and the results it 
has produced arc ruaking the whole industry 
more “ research conscious,” more ready to 
cKperiment and tty' Tiew methods, than e^'e^ 
before. Now that the war is over the institute 
can be relied upon to keep the British cotton 
industry In the van qf technical progress. 

The story of the Colour, t:)esign, and Style 
Centre set up by the Cotton Board illustrates 
the strange way in vi^hich an InJiiative evoked 
by war bids fair to prove invaluable afterwards. 
The Centre was inaugurated in 1940 as part of 
the export drive. It then hoped to increase 
r.vports by raising still higher the already notable 
achievements of the industry in colour, design, 
and style. It also hoped to indulge in a certain 
amount of telling the world ” about the prowess 
of Lancashire in these fields. Fortunately the 
Board found a brilliant man to become director 
of the Centre. He made its beautiful exhibition 
hull a veritable Nfecca for the artist in design 
and For the ertergetic manufacturer. Altogether 
23 exhibitions have been staged ai the Centre 
up to the present date. 

The Stimulus to creative work and to prestige 
thus evoked has been remarkable. The Centre 
has come to slay. Perhaps the highest compli¬ 
ment paid to it is a decision by the British 
Goveminent to estabhsh in London a Council 
for Industrial Design, of which a principal 
object is to encourage other industries to establish 
sinubr design centres. In Manchester they 
remark with a chuckle in this conneifiQn that 
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it seems there is still some validity in the old 
tag about what Manchesicr says to-day London 
says to-morrow. The best thing about the 
Centre is its immense vitality. The enthusiasm 
it fosters, especially among the young, augurs 
well for the standard of design of Lancashire 
textiles in the next twenty years. Foreign buyers 
are atready alert to ii and even during the war 
a surprising number of experts have contrived 
to sec the Ccture. .All have come in curiosity 
and left in admiration. The Centre will prove 
a magnet for Manchester in years to come. 

Another Coiion Board development of great 
significance is its Rocniitmcnl and Training 
Depanment. As things .stand the cotton industry 
in England as in other countries consists of 
relatively small units. Even where amalgamations 
exist, the unit of prodtietion is never lar^, as in 
certain engineering and other industries. Great 
conoem.s nowadays apply modem principles to 
recruitment and training, and place in charge 
of these activities specially qualified and well-paid 
personneL This Latter is not practical politics 
for the small unit and so the Cotton Board 
stepped irt to provide at the headquarters of the 
industry an expert staff which can and does 
perform for the indi^doaJ mill what the persoimel 
directorate performs For the large industrial 
uuderlakidg. The ultimate results are clearly 
Foreshadowed by present achievements. A highly 
sfgnificont advance in methods of recruitment 
and training is confidently anticipated. With 
this will go improvements in amenities and mill 
conditions. A separate article would be required 
to do justice to the work of the Cotton Board 
in this field. 

It is generally agreed in Lancashire ihai there 
will have to be welJ-considercd alterauDns in the 
wages structure, which is governed by old- 
standing agreements with the trade unions, in 
deployment of workers to the machines, especially 
having regard to increased mechanization, and 
in mill practices gGnerally, The Cotton Boa/d 
has obtained the cooperation of employers and 
trade unions in launching concrete experiments 
and tests in these matters. At the Wye Mill— 
and later on at other milJs—experts are demising 
new methods. Both sides in the indnstry have 
agreed to permit departure^ from agreed prac¬ 
tices, A faithful reoard is to be kept of costs, 
wages, production, Ac., before the experimental 
changes are introduced and after. On the records 
thus made available the two sides will evolve a 
modernized practice by the usual methochi of 
industrial negotiation. Thus, tn an orderly 
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manner, industry will faciliiate rapid adjtist- 
ment to new conditions without sacrinditg that 
stability lo which the trade union mOvcmcnE 
naturalfy and rightly attaches so much import* 
ance. 

This particular plan of action gre^' out of a 
report of a mission to the United States known 
as the FJau Report, The mission’s terms of 
rerertnee were liniiied lo production per man' 
honr* It went to America at a time when in¬ 
creased production was of critical importance 
[o The war efrort. Ii found, a^ was already known^ 
that production per man-hour was much greater 
in the United Sutes than in Britain, The resultant 
publicity was to a considerable extent misleading 
to the inexpert. In the cotton industry it is 
always possible to increase production per 
operative by using better and more expensive 
grades of Cotton and by a high degree of 
mechanization, which increases capital charges. 
It is a matter for calculation how far these 
policies can and do cheapen setling prices There 
is no doubt that the Platt Report, sticking to iu 
terms of reference, left many outside observers 
with an incorrtCL impression of the relative 
commercial efficiency' of the American and 
British industries On the other hand, no com- 
peient expert in Lancashire questions for a 
moment that in years to come, owing to popula¬ 
tion trends and social conditions general IVp the 
industry will have to concentraic on increased 
production per man-hour. The Platt Report, 
with its unreserved concentration on this theitiCn 
did good service even if it temporarily reflected 
somewhat excessively on the British industry's 
alleged weaknesses. The Wye Mill experiments 
and other developments will open the way to 
significant changes in the rate per man-hour. 

The cotton industry knows that it will have 
thirsty markets in the period immediately foUow'- 
ing the war. Some of the competition it met 
before the w'ar will not figure in the scene as it 
then did. The shelves of the world arc indeed 
baie^ Lancashire will use the benefits of a period 
of high demand to set her house in order. New 
mathincryv new practices^ new pcrsonncL the 
application to peace requirements of a great deal 
of scientific research already at a well-advanced 
stagej the intensive development of colour and 
design—all these are on the way. There will be 
also the old virtus, the old assets. Customeirs 
oversea may confidently look for the best service 
in quality, reliability, and styling. While supplies 
are short there will be fairness and consideration 
in rationing. The inherited skill and judgment 


will be appaienl in the Lancashire of lo-morrow'. 
Tested and tried by the adversities of war and 
pre-war* the British cotton industry has the 
means and the spirit to stage an impressive 
renaissance. 
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SILK, RAYON, AND 
NYLON 

^ ILK, rayon, and nylon have alt played an 
^^important part in the war effort in meeting 
service and essential home demands. It was in¬ 
evitable, however, that as the war progressed and 
supplies became short, sLLk should declIrK: in 
importance and the emphasis move to the synthe¬ 
tic fibres. The history of this transition* w ith the 
solution of technical difficulties and processing 
problems, forms yet another example of the 
adaptability and [cchnical skill with which British 
industry faced the loss of familiar raw materials 
and the necessity for producing the same (and 
sometimes even better) results with less known 
alternatives. 

Before the outbreak of war and during the early 
war year^, between 80 and 90 i?er cent, of the raw 
silk imported into the United Kingdom come from 
Japan, which country produced about EO per cent, 
of the total world supplies. At that time, silk 
was the approved raw material for many im- 
portam service and essential uses, the most im¬ 
portant being parachutes [fabric, cordage* and 
sewings). Insulation fabric and thread for fine 
wire covering for electrical apparatus, cartridge 
bag fabric, bolting doth for use in sieving Hour 
and similar materials, and in addition there were 
a number of minor uses of a similar type where 
tensile strength w-as needed, combined with 
fineness and small bulk. 

The cntiy of Japan into the war, therefore, in 
depriving the United Nations of supplies of raw 
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Odc of the nuiay iJ5es to which nylon y\ini beta 
piu If- The mflOLUTBelurc of parachutes. These tiirce 
iirt CHiry'jng a UfcboaL 

silk. prc5CJtlcd ihdu with a problem of consider¬ 
able magnitude, poxticiilarly as it coincided w'iih 
ihe beginning of a rapid expansion of reqiiire^ 
tnents in almost ad fkrlds of uiili^iion. Steps 
were taken immediaiely to consert o silk supplies 
in ihc Uniicd Kingdom by the application of 
additjqnai measures of control The Silk Control 
under die MinislO' Supply became the sole 
purchaser of raw and waste siEk abroad ; stocks 
were taken over from die trade ami the liceusing 
of use wai strictly enforced- The control in¬ 
volved also the elifnirtatton of non-csscntLal use 
and the carefLil plaimmjt of production. Con¬ 
siderable developmental work was done in dnd- 
sng and cncouragirig production in alternative 
sources of supply, particularly in the h^iddlc 
East and India. 

It was, however, apparent that iliese measures 
would suffice [o cover only a small proportion 
of the United Kingdom's essendal requirements 
and concurrently the dcvclopmeni of substitutes 
for silk was vigorously pursued- The most piess- 
jng need was for use in parachute production, 
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where the liscs of airmen ami paratroops de¬ 
pended on the finding of iIk right answer. Exact¬ 
ing siandards were noDesianly laid down, involv¬ 
ing long and detailed cxpejimefiis and tests. 

The textile fibre finally approved as a substitute 
for silk for fabric and cordage for maji-carrying 
parachutes wus nylqn yam. This yam is only one 
of a group of new materials with a chemical 
ba§e for which Nylon" is the generic name. 
The basic raw material is chemical, and the 
liltunate product can be made up into various 
forms and utilized as plastics, in brushes as a 
substitute for bristles, Ac. In the United States 
the peace-time uses of nylon yam had to some 
extent been tested, particularly in the hosiery 
industry, but uylon Ciunc us an almost entirely 
unfamiljar raw material co the United Kingdom 
silk imlListr>‘. which w-as entrusied with develop¬ 
ing the use of this substitute for raw sdk- 

The industry achieved a higli degree of volun¬ 
tary cooperation in handling this important piece 
of research and essential production. The pro¬ 
cessing (twisting and windlnei weaving and 
finishing and dydtig all pncseiittrd problems, 
particularly as the new yarn showed nuirked 
characteristics not shared by the mdre familiar 
natural ^xtile fabrics. Later, nylon yam was also 
processed by the rayon-weaving section of the 
cotton industry. 

Production of the yam itself undertaken 
in the Umied Kingdom^ the manufactumrs work¬ 
ing in close touch both with the service depart- 
ments and with the industry' wliich had to pro¬ 
duce the goods. A large part of the United 
Kingdom supplies has, howisver, l>een imported 
from the United Slates and Canada, with which 
countries there has also been dose technical 
cooperation. Cordage production aJso from nylon 
yam leplaoed the silk cords of the parachute 
harness, and the spun-silk industry developed 
yams made from waste silk to replace the raw 
silk sewings. 

The use of rayon for direct service needs, apart 
from clothing and similar iteTm, ha.^ been largely 
in the field of high tenacity yams which have 
served a number of valuable purposes. Para- 
chutes for dropping supplies were originally 
designed m silk, and the fir^t substitute approved 
for this purpose w^as hi^ icnaciiy rayoiu In 
addiLion, these yams in fine denlers have to some 
extent replaced silk for such uses as clcelricai in¬ 
sulation and bolting cloih. though there remains a 
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hard-core of (kmarid for ^hich silk only h suit¬ 
able. In 4’oaiser dcnieis the major drvelQpmenl iQ 
the me of this type of yam has been in tyre pro- 
duciioTL. where large quaniitits are bemg taken 
up. This dcveiopment, which has been carrieef to 
coniiderahlv freuter lengths in the United States, 
was connected in the first Instance with the use of 
synthCLic rubber after the loss of natural rubber 
supplies. Later, U became the opinion qf soma 
eitpcrts that tyres made with rayon fabric have 
iLiLtra stnmgth atid wcaritig^ ttuahtics^ which may 
lead to the GontimiatEon of the use of ra>'on on 
its owTi merits, Mylon yam is in early stages of 
development in lyre production in Ebis country , 
particularly for aeno tyrss. 

Rayon yam production other than ihe high 
tenacity ly^pcs has falEcn very heavily since the 
early war years on account of a withdrawal of 
much of ihe industry’s labour force for the ser¬ 
vices and for the direct muniiiot^ industrieSr TTie 
nucleus mnaining has, however, been responsible 
for the provision of an impqitaiit element in 
civilian textile rcQuircmenEs at hom^ and has 
provided yam and fmished goods for Empire and 
aUied couniries suffering from the world textile 
shortage foUowing the cessalion of supplies from 
enemy and enemy-EJccupicd countries. The in¬ 
dustry is now^ planning an ambit!post-war 
programme w^ith the object of expanding produc¬ 
tion both for the home market and for export as 
quickly as the labour and other diffuruhies can 
be overcome. 

Much of the technical progress 111 the use of 
syniheirc fibres Jms been achieved during the war 
iindjcr the stress of immediuie necessity, but there 
is no indicatioii that the whole story has yet 
been told. 
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P reparations had been made W^ell in 
advance of the outbreak of war for the 
conirol of the wool textile industry^ and 
during the first week of September, I9J9, the 
M Inistry of Supply issued an order which brought 
Into being the Wool Control with Sir Harry 
Shack leton as Controller. 

As a result of q series of subsequent Orders the 
Wool Control became the sole impOEicr and 
supplier of wools and tops (combed wool) to the 
mdustry. A syTSion of rationing was introduced , 

and the Controller wns given power to direct i 

production of yams and fabrics into the desired | 

channeLs. The reqummimts of the services 
formed the first priority, and in the early war ^ 

years ^port trade came next and home civilian 
needs last. In the later war years, when dreum- ^ 

stances changed the order of priorities W'as 
altered and the requirements of the utility 
ciothing scheme were put in front of production | 

for exporu 

The first essential was an adequate supply of i 

raw material, and from this point of view the 
British GoverTtmeat was in a favourable position. i 

The five principaJ wool-exporting countries are 
Australia, New Zealand^ South Africa. .Argentina, 
and Uruguay, and the avetagie productiOQ in , 


Thifi picture, Lakea 
in a woollen miU+ 
show} a machiDe 
separiting the long 
and ihort ftbrev of 
the yiim in prepiira- 
linn for the spinniDg 
of the finer cloths- 
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reoenl years ha* been about 2,135,000.0001 b. per 
uimum. three-fourtbs of which came frotn the 
three British Empire countries. 

The British Govcnuneitl bought the cnlire wool 
clips of AustiaJia^ New Zealand, and South 
Africa for the duration of the war and up to one 
season after the end of the war with Japan. 
Some idea of the magnitudfi of these operations 
may be Eaiheml tiom ihe fact that for the 
L943^ season the purchase price for the three 
clips virjis over f IOO,(XtO,000, In adiliuoiip the 
w'ool production of the Unlied Kingdom has 
been bouidil each year by the Goverrunent. 

The Wool Control has therefore had ai com¬ 
mand an abundance of wool. The only problem 
in the early ycairs was transport. There were 
timK when stocks in the Ualied Kingdom were 
adversely affcxned by shortage of shipping space, 
it was con\ienieni at one stage lo ship Large 
quantities of wool to the United States as letiirn 
cargo ki vessels which had conveyed troops and 
war materials to the F^fic war zone, and it was 
kept in sion^ Ihert: as a strategic reserve owned 
by the British Government. 

Before the war the world consiimptian of wool 
was about 3^4O0,D00,0O0[b. per ammin, of which 
about [ ,4C)0,000,0001b. was absorbed on the 
Continent of Europe, That part of the world 
was vinually cut off from oversea supplies during 
the war and in consequence there was a huge 
accumulation of wool at the sonrees of supply, 
estimated to amount to about 4,00O,000HtTOJb, or 
about 13*000.000 bales. The recent Empire Woof 
Conference held Ln London was convened for the 
purpose of making plans for the disposal of this 


surplus, concurrently wilh the mcoming new clips, 
during the next few years. There is a great w orld 
hunger for wool and wool goods* but the speed 
with which the surplus can be disposed of will 
largely depend on how long it takes to restore 
the numerous mills on the Continent of Europe 
to their normal activity* 

One of the mosi satisfactory phases of the Wool 
Control adminlstnitloii has been the stability of 
prices. Wool and tops have been supplied to the 
industry by the Control at fixed issue prices- 
After a period of adjustniEnt during the tirst year 
of the war a priire level for home civilian trade 
was hxed in November, 1940, and it remained 
unchanged over a period of five years. Brices of 
yams are governed by an ofheia! list of maximum 
prices and margins of profit on cloths for the 
utility clothing scheme are controlled by a series 
of Orders. 

This siability has been achieved in spite of the 
fact that in 1942 the purchase price to the 
Dominion wool growlers was increased by fifteen 
per cent, and that since 1^ there have beers two 
advances in the prices paid to British farmers. 
In July, 1942, issue prices for wool and tops 
required for the production of yams and fabrics 
for export trade was increased by 20 per cent, 
above the home civil issue prices, but there was a 
modificatlan of this Lnercase Ln October^ 1944, 
which left export prices from 5 to 10 per cent, 
above home prii:cs. 

The fact that Issue prices were not raised 
for the home trade was largely due to the Govern' 
ment policy of avoiding so far as possible an 
increase in the cost of clothing. There is indeed 



dressing halt led r^^ss- Jn or>c 
year* 1943. re,325,lXM> blotues or 
trousers were produced, liy the 
wool reptile itidustry. 
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a COILS [durable elemeiii ai' subsidy in the com¬ 
paratively low controlled prices for utility wool 
clothing. The iiKreased cost of wool has not 
been passed on to the honic consumer. More¬ 
over, the increase in the cost of cotton used 
in wchol'iiid’COttOTi union cloths was refumttd 
to manufaciiiras by the Wool Control, and 
when the cost of tailoring increased the clothiers 
were cotnpensated by reductions in the prices 
of their cloths. The cloth manutacturers in 
this case also were cornpensated by the Woo! 
Cnotnj!] for the reduclions th^ had been ordered 
to make. 

In the early war years there were enormous 
demands on the industry for wool clothine 
for the hghting services and for the Womcn^s 
Auxiliary Services. In pre-war years the avem^ 
annua] consumption of wool in the tJnited 
Kingdom was about 65D,OOOKOOOtb. During the 
peak period of war produciiorL it is believed 
that die consumption inernased to about 
9OO,(XX),O0OJb. per annum. Some facts with 
regard to quantities produced for the Array 
were given in the Gcverainciii publication 
** Statistics Relating to the War Effort.” Here 
are a few extracts :—^ 
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17,550 

16,976 

9.566 

10,525 

Shirli ur vests 

]6,55S 

8,953 

7.5B2 

9,337 

Gre^lcpais 

3.6«l 

3p056 

I.W4 

1,719 


No statistics have been published with regard 
to suppl[e:Si for the Roya] Na\y or the Royal 
Air Foret, but it can be said that aJl the require- 
inents of the Services have been adequately met. 

During the ht^t two years of ihe war the 
full labour force of the wonllcn and worsted 


LOdustries^ numbering about 240^000^ wms em¬ 
ployed to the limit and overtimic was the rul^ 
rather than the eKceplion. 

Duiiiig the period before the enactment of 
lead-lease Legtslation in the United States thert 
was a big export drive in order to obtain foreign 
currency to pay for necessary imports- Thft 
NationaJ Wool Textile Export Corporation 
was formed and. together with its companion 
organ Lsatiou, the Export Group of the Naiiona! 
Wool Textile Executive^ directed an export 
campaign with great vigour. In spite of the 
huge demands on the mdu±tr>' for the Services, 
there was sufficient prcKluction for export to 
permit of shipments amounting to about 
86,000,000 sq. yds. in one year This was not 
far short of the shipments during the ycaril 
immediately before the war. 

Subsequently there were two factors which 
catLsed a revetsaJ of export policy, FlrsiT the 
Jend-Jease plan modified the need for exporti 
to pay for imports, and, secondly, the witb-^ 
dniw^l of man- and woman-power from thh 
industry for the services and for munitiont 
work seriously curtailed its productive capacity k 
T he avTiilable Labour force dropped from 240,000 
to about 140,000, and it became vtry difficiill 
to provide adequate supplies for the homfc 
population, with a rrasonable margin for e.xpQrt 
orders. Oversea trade dedinjKl because the goodi 
could not be produced in adequate quantities, 
and shipanoiis declined untO they were only 
about a third of the prowar volume. They 
were in fact restricted to the essoitial needs of 
Empiie markets and to some of the overset 
territories of allied Govcmincn!s+ with a moderatf 
allocation for the United States and Latin- 
American Countries. For a period of about 
16 months there was no allocation for the United 
Stales or Latin America. 
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UhlTlSB WAR PKODUCTION 

A number of mills were closed down under 
a conccntmiion scheme and premises w^re 
laktn over by oihtr GovemniEni dcpurtmenis. 

the war came to an cod the textile industry 
was workinE under the handicap of a seriously 
depleted tflbour force. So much so that it WTis 
not possible to satisfy ah the ikmands upon it 
for home and oversea irade. 

Shelves wen: empty and iftardrobcs bare* 
and there vi^as an insistent demand Irom all 
markets Tor British wool textiles. The extent 
to which the industry will be able to dehver 
the goods in the coming months depends upon 
the speed with which former wool workers 
leium to the mills and upon the change-over 
from services to civilian production^ 
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FLAX, HEMP, AND JUTE 

F lax, hemp, and jute have all been in 
urgent demand for cscsential service pur¬ 
poses. while in spite of stringent rationing 
there also remained a hard core of requirements 
which had to be met In order to ensure the 
iTUilaienaiice of the life of the community. 
Supplies, utilisation, and processing all presented 
problems varying in intensity and emphasis. 
In no case was the way easy and ingenuity and 
skill were demanded from the industries by way of 
adaptation and suhatitution and general measures 
of economy hi udli^atiom 

Flax 

Flax IS the niw material for linen, the manu¬ 
facturing IndiiSiiy being centred in Northern 
Ireland and Scotland. Before the war some 90 
per cent, of the fbx used in this country came from 
oversea* chkfiy from the Low CoiiaLrics^ the Baltic 
States, and RussiaL A Flax Control was set up 

m 


by Ihe Ministry of Supply at the ouibrieak of 
war, which became the sole purchaser of Baxi 
controlled its use and salen &tid took an active 
part in ptimning produclion of service require¬ 
ments. With the loss of Continental sources of 
supply it was necessary to eliminate {except for a 
few^ essential items) the expon tmk, which had 
been most valuable, and to restrict manufacture 
to essential needs of the United Nations for w hkh 
no suitable substitute could be found- Such uses 
included aeroplEine fabric* parachute hamcK 
and cordage* hose-pipe?!, linen thread, and 
tarpauliiLs and canvases. 

The main task was therefore die provision of 
raw^ material rather than the use of substitutes, 
and with the active cooperation of the DommiDns 
and agricultural interests in this cooniry difficiiUies 
were overcome and essenliat needs metr 

In Northern Ireland the flax acreage sown 
w'as incTea&ed from 20,000 to five tim^ t^t 
figure, whde Eitealso contributed larger quanti ties- 
In Great Britain an acreage of 60,«10 was reached 
from a pre-war area of only a few hundred 
acres. Production hcre^ which was the direci 
responsibility of the Home Flax Dcpartoient 
of the Ministry of Supply, was chiefly of green 
or ** natural flax, thus avoiding the process of 
retting, for which both the facilities and experi¬ 
ence were lacking. Under tMs scheme valuable 
pedigree seed was also produced which played 
a major part in augmciiliiig acreage? dsewhere. 
The Empire also came to oiir assistance and 
there was large-scale Introduction and expansion 
of flax production in Canada, AuslrallaH Npw 
Z ealand, and Kenya, while largEr supplies were 
obtained from Egypt- 

As was ID be expecied* not all flax produced 
was of the quality and type to which flax spinners 
were accustomed* whiie the use of green flax was 
an innovaiionj but the industry tackled these 
dlfflcuhies with adaptability and skill and to a 
large extent overcame ihent How far these 
new soujic 3 es of supply can continue to contribute 
to world requirements of fiax once pre-war soinces 
become available is problematicaJ and depends 
largely on economic factors such as cost of pro- 
dikclion, Suz. 

Hemp 

All supplies of hemp, which is required for a 
Wide range of cordage and netting items* came 
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rmjn oversea. So far as was possible. M non- 
essential us» were eEirnmatjed at an early slagc^ 
bui henj also np suitable subsiJlLJU! could be 
found, and the problems facing ihe industry 
were again largtrly those of suppty and adaptauDn. 
TherE are iw^o main types of hcinp—hard and 
softr or the bard hemps the most LmpofCant 
w^as nianila. which^ us ihe name suggests^ was 
produced almost entirely in the PhilippirK 
Islands- The loss of these islands therefore 
presented a major supply problem to the United 
Naiions and necessitated large-^scale siibsutiition 
by other types. 

The type cMcGy available w-as sisal, the chief 
sources of which were British East Africa and 
Mexico, as the other main sisahgiuwing area, the 
Nctherlatids East Indies, w'us also lost. Thus^ as 
compared with a pre-war availability of about 
l6D,bQ0 tons of murula and lyO^OOD tons of sisal 
tlicte remained for the use of the United Nations 
some 122,000 tons of sisal from East Africa, 
$5,000 tons from Mexico^ 27+0(X) tons from 
Portuguese East Africa, and reiativeiy unim¬ 
portant qinmtiiks of sisaL and other types of 
hard hertip from smaller souroes of supply. 

These supplies werr allocated by combined 
planning amopg the various consuming natiDns, 
the chief uses being for binder twine, without 
which essential food crops would have been lost^ 
and the many types of cordage and rope required 
for service and cssenfiai civil needs where strength 
itnd durability w^ere essential factors. Marine 
cordage was the use for which cxistiug stocks of 
manila had to be chkHy aUocaE)ed, where risk of 
life of personnel or 5afet>' of ships were bvoivcd. 

There are two main types of soft hemps—those 
corfiiog chieRyfrom ContinentaJ sources lRus.sia, 
Italy* and the Balkans) and Indian hemp. These 
hemps were required for the manufacture of 
ropes, cords, and twines, for purposes where 
strength combined with flexibility was required* 
such as hshing liaes and nets. Indiaii hemp,^ 
which was not so strong as the European varielv. 
was used for cheaper t>pes of cords and twines 
and also for the manufacture of vaiiouLs kimis of 
paper for the clcdrical industry, for insulation* 
and in the manufacture of cigarette paper. Supply 
here did not present the same difficulty, but the 
field of us3g?e reinained relatively limited owing 
to its lack of strength, and existing stoc^ks of 
EEiropcan hemp* chiefly of the Italian variet>*, 
needed strict radon ing and careful pJanniJtg, 
though supplemented by supplies from Chile. 
As soon as Italy was Ubemted active steps were 
taken to obtain supplies from the south. 


Jute 

Jute is a fibre produced almost entireiy in 
indla^ and is used mainly to produce a coarse 
cloth which provides the principal bagging 
material of the world for carrying food supplies, 
fertilizers, and a wide range of vital cnmnioditfes. 
It is also used for certain types of cordagt: w^herc 
great strength is not esseutial, for backing carpets 
and Unoleums, and for m€?cting other industrial 
purposesn. India has a large manufacturing 
industry and provides the greater part of the 
world^s needs of bagging material or finished 
bags. The United Kingdom imports both raw 
Jute and finished cloth i^nd bags from India. 

During the war there was an increased usage 
of bags in the United Kingdom, in view of the 
abnormal food movements and for food storage^ 
Jo addition there was an increased use of jiiie 
for cordage to relieve hemp and of jute doth to 
relieve Rax. Other war-time demands included 
dolh for sandbags, for garnishing camouflage 
nets, and a-s the basic materiai for bitumenized 
cloth for aerodrome rtmways. 

There have always been targe variations in the 
size of the annual crops in India. During the 
early years of the war there wag no shortage of 
raw jute, but with the loss of Burmese rice to 
India jute lands had to be mmed over to rice, 
and for a lime the overall raw jute supply w^as 
difficult. This position has eased and the main 
problent in India is now the shortage of pro¬ 
duction due mainly to coal difficulties. 

From almost the outset of the war shipping 
considers tlous Lirmtcd United Kingdom supplies 
and a control of import was irLStltutet:l. The usage 
for relatively noti-e^sential purposes, such as 
carpets and linokums, was gradually reduced 
and finally eliminated. Every ellort was made to 
obtain the ma.\imuni use of second-hand bags- 
OwMg to labour considerations a greatly increased 
percentage of total consumptiou was met in Indian- 
made goods and prcduction i n the Uni ted Kingdom 
fell ID below 50 per cent of its pre-war level. 

Certain relaxations in the use of jute for 
carpets and hnukums have recemly been possible, 
but the Lrtci^ise of supplies to these industries wtll 
be dependen t not only upon the rate of expansion 
of the United Kingdom jute industry, but also 
upon the extent to which the United Kingdom 
will have to increase its ow-n productLon for 
bagging purposes in view of the shortage of pro¬ 
duction in India and heavy world demands* and 
on the extent to which jute will have to continue 
to be used in substitution for sisal and flax. 
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Va5l ituantilics of nc* plant hiid 
so he installed ift faetorica for the 
pnrpoM of tuming out rubber 
lyrs repaired for pur- 

poses. Here ii a lyre beins built 
up OQ a flat ilmiTL 
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THE RUBBER INDUSTRY 

I N the period between the two world wars 
tficJinolog^S du'i'clopnieni of the mbber 
itidtistry was very rap^d- Eixgineers and 
tedmicians in other Endusirics leamed to appre¬ 
ciate more fully the possibilities of rubber as 
a Tnateriiil having importmit propertres-^adapta- 
bdity to moulding into complicated shapes, 
li&htnc&s, resilience, comparative chemical inert¬ 
ness, stability, ability to withstand abrasive wear 
and to endure wathotii fatigue stresses repeated 
hundreds of miiltoiw of times. SimultaneoLisly, 
the ifichmcians within the rubber industry made 
great advances m the quality of their products, 
in design, in process of manufacture. At the 
outbreak of war in 1^39 rubber consumption 
was at a record high les'el in the British industry- 
It was not surprising, therefore, that when 
preparations for war began seriously, about 
1937-38. rubber found many and vital applica- 
lions to tauniliom of war- The urgent stress of 
war Itself produced a great acceleratjon in these 
applications, and in the space available in this 
article it is impossible to do more than mention 
li few' of the more importani items among thorw 
not still mgarded as ** secret" 

Ah the weU-knowE implements of war contain 
rubber in vital parts. Aeroplanes must have 
rubber tyres, and the industry was called upon 
for enormous numbers at short not we. But, in 


addition, rubber is used in the aircraft's gun¬ 
firing mechanism, in its electric cables, oil seals, 
and engine-motmlings, fuel tank coverings, and 
many other parts. Military tanks contain brge 
guancities of rubber in tyres on bogie wheels, in 
suspension parts, engines. Ac* All classes of ships 
tesquirc rubber in great quantities. Amphibious 
vehicles, road transport vehicles, gun carriages, 
are among the greatest consumers of rubber. 

The rubber industry, mainly through the 
direct contact of individuaJ companies with the 
Services and the Production Departmcnis, has 
originated, or developed at the suggestion of 
Service or Ministry personneh a great many 
ingenious and useful devices, A typical case in 
point is the well-known airman's suit, 

which was brought to the uttention of one of the 
largest companies, and which w'as soon trans¬ 
formed into a practical and easily produced type- 
Other examples of devciopmentis of which the 
original idea emanated from the Servioes and the 
heavy task of adaptation and production foil 
upon the indiistry^ an: rubber wavc-bteakera. 
pneimiatic lifts for diimaged aircruTt, enabling 
crashed aeroplanes to be removed quickly from 
runways, degaussing equipment in ships^ swim- 
suits for imder^water wear-, barrage balloons, 
meteorological balloons, rubber dinghies. 

The outbreak of war hud great clfects on the 
rubber factories quite apart from these special 
demands. Staple peace-time lines of production 
—t^TEs^ belting* hose* footwear—w^ere radically 
changed in form. For example^ in 1942, the 
production of t>Tes for passenger cars* including 
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ail military' and Govcmiii^i R^LiircmentSt was 
only 2.5 per cent. oF total t)Te productkm 
expressed as wieighr. In it had been about 
40 pcT cent. Factories had to be laid oyl afresh 
with vast quanlilies pf new pJanl for heavy tyres. 
Similarly, hose, belting, and footwear underwent 
great changes in form, to suit die new demand of 
heavy industry and of the scxviccs. 

Even in the sphere of targe tyre productian 
siscif, the types deniOLTidcd by the services, for 
bullet resistance^ for cmss-coiintry' and for desert 
work, difTered in important respects from civilian 
types. They required, in general, more plant, 
heavier plant, more labour, and more material, 
even when of similar size. 

■At the beginning of 1^2 the indmtry was 
faced with the loss of the major part of its crude 
materia] producing iiiras. and Immediate redne- 
lions in the consumption of rubber had to be 
made. Very tjuick decisions were necessarily 
taken : many goods which up to that time had 
tieen manufactured for export, and for the 
maintenance of the essentiai life of the com- 
munity^ were discontinued. For example, golf 
ball and tennis ball manufacLun:, which had been 
mainly for export and for the services, and had 
already beeri drastically curtailed in 1940 and 
1941. was slopped altogeiher in 1943. Hot- 
water bottles were re-stricted to very small 
quantities for hospital use. Rubber footwear, 
which had been manufactured on a large scale 
for industriaL agricultural, and service ErainJng 
purposes, was drastically reduced and pro- 
ductson concentrated in one or tw^o factories. 

The maniifactuiie of a peat many article* 
prcviotisiy made with rubber in various forms was 
prohibited, and in olher cases prohibited except 
under Hcence. The use of rubber latex for 


sponge-rubber upholstery, miittrcsses, clastic 
thread, and footwear was forbidden except under 
very restricted licence. Personnel in tanks and 
aircraft had to dispense with foamed taiex pro¬ 
tective pads, and less saftsfactoiy substitutes had 
to be used. The production of tyres was 
severely curtailed- and in the early months of 
1942 the rubber tyre industry lost some 2o to 30 
per cent, of its labour force- Towards the end 
of the year it became apparent that the cuts had 
been somewhat too heavy,, and from that time 
on special—but Largely ineffective—mjcasures 
were taken to re-man the industry. 

Tbe outlook for the rubber industry' at that time 
w’as indeed Very depressing. Supplies of synEhetk 
rubber from the United States w'cre in view^ 
but distantly, and could not be expected 
undJ laur 1943. 

While it is easy to look back and to consider 
the measures taken in 1943 to have been too drastic 
it has to be admitied that no crippling effects 
resulted either On the war effort or on the life of 
the comrn unity* 

From the critical days of early 1943 until the 
spring of 1944, when synthetic rubber began to 
enter [arggJy into the production of rubber goods 
in the United Kingdom^ the rubber indusini' 
tried to maintain production by making use of 
reclaimed rubber, and by restricting the volume 
of rubber used in such articles as t^Tea and con¬ 
veyor bells. These measures w^ere essential in 
order to conserve crude rubber supplies^ but 
were stopgap methods and could not have been 
Justthed exc^t to bridge the wide gap betw^een 
the ruiming out of stocks of natural rubber and 
the arrival in bulk of Synthetic rubber. It is well 
known that the United Nations won through 
with nothing to spare. 


Removing a tracmr tyre from ttie 
mould in a Briush factory. 
Special types of cyrs were con^ 
stnictcd to resist bullets, and For 
cross'coimlry and dcurt wurlt- 
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SRITISH WAR W^qpUfrriQS 

Rubber gotids, mcludiDg tyres, gave shorter 
service but ^ere not unrebabk, thai is. not sub¬ 
ject to accideniiil fuiJurc aud sudden coliapw. 
By ihc provision of more tyres of a ioiAcr quality 
the essential wheels of transport and of Industry 
were kept turning, and it can be said that there 
w^as in EeneraJ no ^rioos etTect either on the 
tranaport services or on military operations. 

The use of a>-ti[hetjc rubber in the rubber 
factories created a great upheaval. Syniheiic 
rubber diRcrs from the aatural pnoduci in many 
important particulars. The type m most general 
use, made from butadiene and styrene, requires 
considerably more electric power, more plant of 
h^vy tjTJe, and more labour titan does naturaf 
rubber; to produce the 4ame quantity ol finished 
goods. In many oF the more important applica¬ 
tions, including tyres and conveyor belts, the 

general ^ type of synthetic rubber ts markedly 
inferior to the natural product. In these goods, 
under severe eonditiotis. natural rubber itself is 
strained Ld the limit. 

The use of syathctk rubber in tyres accelerated 
a development which had been going on gradually 
for some years before the war—namely, the use 
of rayon instead of coUdU \ n tyre casings. R ay on. 
by vinue of its greater tensile strength and its 
greater resistance lo the effects of heat, as com¬ 
pared with cotton, has proved to be essential in 
large tyres subiect to severe conditions of use. 
The rubber factories, therefore, had not only to 
change their principal niw' material, but also to 
adapt their processes to the use of rayon in large 
of tyres. 

All this had to be done during a period when 
many important classes of goods were in danger- 
ously short supply. The various noits of the 
industry pool^ their information on these 
problems, and rapid progress was made. In the 
United Sutes the manuractuiers had faced the 


same problems some months earlier^ The 
industry ov'er there had pooled its niformation^ 
and It was made available to British industry. 

The percentage of synthetic rubber used by 
the British industry is now 70 per cent. This is 
lower than the percentage in the Uni led Slates 
fSS per cent.), chiefly because of the different 
constitution of the manufacturing prcigranin>e. 
in like products there ts very little difference 
between the two countries’ consumpiion of syn¬ 
thetic rubber. 

IS is opportune, in reviewing the upheavals 
and the technical developments of the mdustiy 
during the war* to consider their probable effects 
in post-war years. 

These effects are, on a broad vkw, not very 
remarkable. The new techniques discovered, the 
new products manufactured, while of irniriiediate 
and enormous advanla^ tn the job in hand for 
the w^ar effortp represcut no epoch-making change. 
It is possible to stale the case that even more 
rapid development would have been madie 
towards satisfying the needs of the users of rubber 
products In an equal period of highly competitive 
peace-time condltionSi Matcriais available to 
the rubber Industry' show no Importanc forward 
deveiopTnent, except in the case of ^mthetic 
rubber of very special types for certaJn limited 
uses—resistanoe. 

As in many industries.* war conchtions have led 
to certain inefficiencies, due to iDcxpcrienced and 
unsuitable personnel to black-out conditions, 
to resiriciions in raw materials, and so forth. 
After a return to peace-time conditions, il will be 
possible to make up the leeway lost during the 
wax. and those engaged in the industry look 
forward to the day when they will be free to do 
their best for the consuming public and for the 
welfare of the nation as a whok. 



The corfrcrctc caissons, one oT the 
main dements in the Mulbern- 
Harbours prefabiicaijed for IJ 
Day* were among the outstanding 
war aehlcvcincTits of ihc building 
und civil enj^necring industries. 
The picture shows one of the 
caissons under construction- 
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ASBESTOS IN WAR-TIME 

T he a&beslos industry played an important 
part in ihc war. From the outsri the talk 
up nr milliDRs of men and women for the 
services necessitated the coiestruetion of hun¬ 
dreds of camps, in many of these asbestos- 
oement presided ibc roofing^ cladding, and soiJ 
drainage equipmenL Millions of corrugated and 
flat sheets were turned out by factories scattered 
throuehout the United Kingdom, logcthcr with a 
multitude of fitments and pipes of all sizes. The 
black-out also caused a heavy demand for these 
sheets. 

With the blitz come a further huge dcmEind for 
asbestos sheeting and equipment for anti-aimraft 
gun sites* hospitals, and for various purposeii in 
place of glass and timber. For the development 
of over 300 aerodrome sites, 20 ordnance fac¬ 
tories* and a number of industrial estates the 
quaker grey of the natural asbcstcrs-ceJTKnt 
product had to be camouflaged and the industry 
w^as mquired to work to maximum capacity and 
to maintatn this output throughout the war. 
There w'as the constant need of industrial hut¬ 
ments and buildings for miscellaneous pnrpo^, 
of w^hich no fewer than 58,344 arc known to have 
been erected and covered with asbestos-cement. 
Tn fact, many of them were constructed entirely 
of this material, either by using curved sheets 
or by constructing rcKjf principals, rafters, and 
purlins from asbestos-cement pressure pipes. 

Nursery schools^ colliery canteens, and British 
Restaurants used up large quantities of asbestos- 
cement, and vast slacks of fiat and corrugated 
sheets were located all over the country in a co^ 
ordinaied entergency sdiemc for the temporary 
repair of bLrtzed factories, shops, and hcatses. 

To all these demands the workers in the in¬ 
dustry responded nobly* as well as to rrmny 
others put upon them as the war progressed and 
new applications of asbestos-cement were de¬ 
veloped. TItousands of asbestos-cement pressure 
pipes were used to carry water during the 
advance from Alamein to Tunis. These non¬ 
magnetic pipes wens also used for the housing of 
delicate electrical instruments which had to be 
sunk into the ground. The National Fire Servke 
used large quantities of such pipes m their fight 
against incendiary bombs. Carried about in large 
and specially constructed vehicles they were 
rushed to incidents, coupled and pegged to the 



One of the uses for Eisbestosi textiles hm- betn for 
ft,A-F. fire-fighiinE suits, as seen in ihis picture. 
This maicrial is also used for parachtiit; flare hoodie 
acro-engine muFs, iu:. 

ground; several hundreds of yards of piping 
could be assembled in a short space of time, even 
in the black-out p and much vaJuablc property was 
saved by their means, espedally in mraJ areas. 
Asbestos-cement tEinks, too, were used for stor¬ 
age of stafic water* Asbestos wood also gave 
great help to the provision of funiituru* especially 
SLtch items as cabinets and lockers, where its fire¬ 
proof quality proved valuable. Miles of asbestos^ 
cement shelves and thousands of lookers hold the 
wares m various classes of trade buildiogs aD over 
the country* including in at least one inslnnoe the 
parts of motor-cars that had to be surrendered 
temporarily to the police' 

Specia] black-out vemilaioni for air-raid 
shelters ; bafilcrs and cowls for gas stoves; large 
hoppers weighing nearly 15cwl. and moulded in 
one piece for placing over the funnels of Idcd- 
motives when starting up in enginc-shcds : door 
fascias and mouided canopies for bay windows 
and doors—these are some of the many uses to 
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which asbcstcs-cenicnt hiS been put in w-ar-time, 
and the mduiStiy has had the opportunity of 
research and application in a far vyidcr field than 
would have been possible in peace. 

Factories concerned with asbestos te^iles^ 
engine packings Jointings, belting, and brake atid 
cJutch Unings were almost eniircly occupied on 
production directly connected with the war effort. 

in the case of naval equipnientp there were 
inany vital uses for asbestos, such as the extensive 
employment of asbestos cloth as a covering for 
all kinds of boiler insulation^ and its use in con¬ 
nexion with splinter protection for warships and 
merchantmen. Asbestos fibre was used for 
special insulation both in the Arctic and the 
tropics. In the Arctic it made the living con¬ 
ditions of our navaJ and merchant seamen 
tolerable by the cAClusion of excessi^'e cold. In 
tropical seas it proved valuable not only in 
lempering excessive heat transmitted by metal 
surfaces, but also in arresting condeiisatioo. 
Moreover, being of inorganic substance, asbestos 
is inert and repcilant to the attack of bacteria and 
other incursioii& which, if encouraged^ would 
rapidly attack equipment, bedding, food, and 
other stores. Another quite distiDct use of 
asbestos on the marine side of the war effort 
derives from the extensive use of electric welding 
in ship cofistmctiou, which has made great 
denaands on asbestos-coverred electrodes. 

Typical uses of asbestos textiles in air warfare 
were R.A.F, fire-fighting suits, parachute flare 
hoods for Pathtiuder planes, aero-engine mutfs 
and cover Linings, and the insulation of aeroplane 
bulkheads. 

In Army equipment Lhen; were many technical 
uses for asbesEos, of which the most obvious is its 
employment in brake and clutch linings for tanks, 
armoured vehicle^, and cars of all descriptions. 
Accumulated experience and research work pro- 
voided an immediate solution to many problems 
which arose as new weapons of war were 
tkvEioped. For D Bay, for example, brake linings 
were required which would operate sucDessfufiy 
in sea water as well os on land. One firm supplied 
vast quantities of these in [ess than three weeks 
from the first intimsdoD of the problem by the 
Ministry of Supply. 

Special asbestos plastic mouldings were also 
supplied for various purposes, especially in the 
form of non-metaJJic bushes or barings for the 
springtfig of gun-carriages or amphibious vehicles, 
and in the mountings of aircraft engines or power- 
operated gun-turrets. Similar bearings fadliteted 
the manufacture of penicillin. 

l&ti 
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CEMENT FOR WAR 
PURPOSES 

I N order to present in a few words a picture 
of the ceraeni industry's contributLon to the 
war effort it is necessary to mdicate briefly 
some features peculiar to the manufacture, 
distribution, and use of cement^ and the policy 
pursued by the industry in pre-war days which 
alone mode possible its ability to fuUil all demands 
made upon it during the w-ar. 

Ccfucnt is manufactured by large and expensive 
units of Continuous proc^ess plant, from which 
it follows that the prosperity of the indLLSlry is 
largely dependent on the extent lo which this 
plant can be kepi fully cnnplDyeti It must be 
appreciated also that w^hile cement plays on 
essential part in practically all fomis of building 
and constructional work it represents a very 
small proportion indeed of the cost of any such 
work^ and it has the peculiarity of being virtually 
useless by itself, being in effect used only in con¬ 
junction with other materials to form concrete. 

The cement industry has for many years been 
orpnized within the Cement Makers^ FcdcruiioD^ 
which since 1934 has represented the entire 
industry in this countiy. In ortlcr that everything 
possible might be done lo enhance efficiency, to 
achieve the utmost economy in production^ 
marktEing, and distiibutionv to increase the use 
and uses of cement, and, above all, to ensure as 
far as possible that the resnltoiu concrete should 
be used to the best possible advantage physically, 
mechanically, and aesthetically, the industry in 
1934 set up the Cement and Concrete Association 
as a non-p^ofit^naking body with a large staff 
of experts to advise on all aspects of the proper 
use of cement and concrete, and to undertake 
research and propaganda. 

Being thus organized, the tndustry was able 
to follow in the pre-w-ar years a dearly defined 
policy^ of keeping capacity always ^ad of 
dettuiad, of increasing production, of improving 
the quality of the product, of reducing costs, r>nH 
of passing on such reductions to the consumer, 
relying for its profit on greater manufacturine 
cffKiency and on a small margin per ton. on the 
increasing tonnage^ During this period* wages 
and conditions of labour were luaterially and 
steadily Improved, while at the same time a 
satisfactory netum was made on the capital 
involved. Perhaps the most important and 
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significant rcatiire of the five years before Ltic 
war the scrapping orobsoleic and uneconomic 
plants with an anniral capacity of less than 
125/XHQ tons, and the replacement thereof by 
cflkieni modem plants with a capacity of no less 
than 2p250,000 tons. As a result of this policy 
1939 found the cement industry^ in a highly 
cfiicicrLt stale, with a man-hour production at 
least equal to^ if not in excess of, that of any 
other country in the world- 
in one sense the cement industry's war effort 
can be said to have started in I93S» w^hen the 


annanntm shadow factories and other dofctijce 
works were being rapidly constructed. As soon 
as the war broke out,'the industry appointed a 
small War Es^utive Comuiittee of three to act 
for it in cvety way in which it could ccropemtc 
with the Goverrnnent, and the committee’^s first 
act was to ntform the GovemmenL that no 
imtEer what the demand for cement might be 
it was not the desire nor the intention of the 
industry to increase its pre-war profits so long as 
the war ta'itecL The cement induitry was 
operated throughout the war period in con- 





Big concrete caissons romnisg a toain dcep-walcr breakweiter for one of the artiOcial ports on the PrcDCh coast thsit solved 
ihc cnomioiis ptublem of providing vital mppljes for the forces in the invadon of Europe. Some 20,Q00 worktn ivcne 
mobilized for the constniL-iion of ihijsc cais$onil aloiie. 
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junctlQii vvitli the OovernmiEDt by means of a 
voluntary control, and was able fuUy to meet 
every' demanil made upon it and to irtaintam in 
addition a moderate export trade. A large pari 
of the tTqjert staff of the Cement and Coocrete 
Associalion was lent to the Research and Btperv 
ments Ctepanmeni of the Ministry of Home 
Security. 

After Dunkirk many measures had of neccssiiy 
to be taken to safeguard the poiition, since nairfy 
half the entira ccmcnl industry is located in the 
Thames and Medway aiea. PFpjis were made to 
ensure that distribmion could be maintained in 
the event of works in ihat anst being put out of 
aciiOR. Happily, howeverp the damage done to 
cement works during the war was comparativet> 
small- At no time was there a shortage of cEancnt 
and in all the cifcumstances there was atir- 
prisidgly little delay in distftbuiion even at the 
worst periods. 

Many special problems arose from time lo 
time and many things had to be done and unusual 
costs incurred in the inienert of the imticm and 
under the direclion of the GovenuneiiL which 
would be neither necessary' nor economic under 
peace-time conditions* The well-planned 
organidiLon of ihe industry enabled it readily 
to apee to the snyEcstinn of the MLnistry of 
Works that these eitceptional W'ar costs should 
be sprKid P'-er the mdtistry as a whole by means 
of a sehen’te which, while giving effect to the 


limiiaiion of profits refctriDd to aho^e, would 
pool such eswess cosls on an equitable basi5, 
and enable a noimal economic level of prices 
throughout the country to be rnaintained 
Cement naturally played its pan in e^'nry form 
of consinictton, both in defence and attack, 
from the early shadow faeiories to ihc great air¬ 
field runways and the mighty doating harbours 
used for Ihe invasion of Normandy. It is a story 
of which the cement industiy is proud. It now 
Stands ready to deal with all p^tce-drufl demands. 
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PAINT. VARNISH, 
COLOURS, AND 
COATINGS 

T hu key to an understaTiding of die problerru 
of the British paint in dustry' is that materiais 
are the largest item in the cost of its pro- 
diictj and that most of these materials have to 
be imported. As much as 70 per ocot. of pro¬ 
duction cost and SO per ixot. of selling prme a 
tcpfcsented by material. 

Dependence on foreign materials led Lo a 
conccntralion of the industry round pons, and 
particularJy in East London. Tfac^ factors 
were the dan^r points of the situation which 



“MULBF.RRV—The pFcfabFicated port at ArmmancJicSp Normandy, one of the most LniagmaUve pieces of war eiigineennfi m hjirtoty- 
Pier TOadwayi arc wn rtinnlng out to nierbeudj forming ^ wharf ; ui Ehc centre distance k a breakwiiter ofcaissonsand • 

jind in ihs distance on the kfl and right are i:ai&soD breakwaters- The two ports, each as big as (jibmUai, were nmnufadur™ 


161 


oanfrented the irtdustty in 1940. Enemy sub- 
marides threaiened to cut off the traders imported 
[nateruds^: eiveniy bombers Threatened to make 
London nnd the great ports untenable for 
producticKi. 

The German blockade never compiclely cue 
off supplies of materiaJs, which dribbled in from 
the four comers of the earth; but no paint 
manufacturer knew from one month to another 
just what he was going to gat. While production 
managers kept the machines running under roofs 
being repair^ after the previous night's raid and 
sUmutaurd workers tired afla' nights in the 
^hdlerTtha chemists, just as tired from the same 
caUECp had to work against time to adapt ihcir 
fonnuLations to consEoatly changini materiaJs. 

The Ministry of Supply, being largely repon- 
sible for raw materi^s^ formed groups of 
maniifaclureTs to make cenoin products, with 
a view to dispersal of the uni ts of the groups as a 
protection ugiiinst damage from air raidsand to the 
most efficient use of the raw materials available. 

■The w'ar has at any rate taught the Britisli 
paint industry die importaiM of thechciiiisl and 
of res^irh/ There will be oo return to the 
saiary-lcve! of pre-w-ar days, when the value 
placed Eyy many nianufaLTurers on their chemists 
might be gathered from advenisementJ of posts 
tarrying as little ^ £300 a year. To-day a 
compeient paint chemist cao command a salary 
around £S00, and it is not grudged. A dclkiency 
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of gotxl chemists is the paint industry's chief 
present problem. Pin-ing the war tl has lost 
too miitiy to Government depariments odd other 
industries. So well pciTiuaded k the industry of 
the impKjrtarwx of the chemist in any scheme for 
its espansion that in the middle of the war the 
professionaJ body—the Oil and Colour Chemists" 
A-ssocialiOR—formulated proposals for training 
ihe new giineralion of chcmists- 
The industry is equally convinced of the need 
for intensifying its research. Any paint manti- 
factuizr will adnnit that the American industry' 
has. In ^ technical developmcnu inade good use ot 
its advantages tiurins ihe past few years. From 
a close study made of Ibffie developments the 
trade has presented a meTtiorandum lo the 
Government departments concerned, asking for 
eady facilities to import experimental and 
momifucturmg quantities of the synthetics intro¬ 
duced in the United States during the last few 
yt^ars. Long before the world's immediate need 
of paint products nears saiLsfaciion British 
chemixts ought lo have been able to team all that 
jAmerica can teach. 

Researcli in paint technology was not forgone 
during the war, but it had to he diannelled into 
tiireclions immi^rately useful to the war effort, 
fuid it had also to be kept secret. Most of this work 
was done either in the laboratories of the largEst 
paint ffmis or by the Paint Research Siation 
at Teddiniton, which is coUEx^Livdy financed. 



BfiLiift in HKiiotu and tewed across ihe Chaniusi. Tbc wiirtt Juiii atpertaiMd for 411 vears Mughi *“ 

sJai* The American hflfboiii snITcnsl most severely and work on it hud to he diacoQiurucd. , Jf* 

**'iujTtiied less damofe. and was completed. By means of il huiidfeds of thtrosands ol Km* of vtlal supplies ncre landed, 
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with the aid of a Goverrmiertt grant, bv a 
pan of the industry. A new programnie —^ long 
and most specific doemnent —ha-S been drawn tip 
by the associadon responsible for the wort of 
this station and, on the strength of it, the annual 
tneome of the stadoo has been raised to £40 k{XX>. 

It is stilJ not possible to disclose ah the 
achie%'cinents of the BnlJsJi paint industry during 
the war. One or two developments only can 
be mentioned. 

Special paints were developed to camouflage 
land sniTOundtng airfields to simulate ploughed 
fields, roads and hedges. At lirst a low- 
pjgmcntcd emulsion of light fuel oil was nsed, 
but this was later replaced by a pigmented 
aqueous anunoniinn oleate solution. 

The fonnulation of aircraft tinishes Ls ty-pkal of 
the problems the tcdmical side of the industry 
has been faced with in the last Few years. The 
finish hits to withstand sea-water spray and 
desert sand. Jt is at one moment in tropical heat 
and an hour or two later covered with ice ; it 
may be at or 3Q,OClOft, up. It must not 

weigh more than a given w-cight per square foot 
so as not to over-load the machine ; it must stay 
put"" at over 400 miles an houf. Its surface must 
be iui± as to prasient the least friction to the air. 
TTic surface may make a difrcrencn of 10 miles 
an hour in speed—sometimes a matter of life and 
death. 

New airtrafi finishes demcindEng the very 
highest qualities of materials^ grinding, and finish 
have been evolved, and it is for this purpose 
that the urea- and melamine-formaidetkyde 
type of finish has been so largely dc'F'elopctL 
But one of the chief uses of urea-formaldehyde 
has been for the manuiactnre of petrol-resistant 
led-oxidc coatings for the interiors of ierricans. 

Modified phenolic resdis—home-produced syn¬ 
thetic resins—have replaced very satisfactorily for 
many purposes the tung oil once tmpoficd from 
China. 

Oils tailored " for specific indnstrial purpof^es 
have been derived from fractions of natural oils, 
such as linseed oih by fractionation processes 
designed to produce many oils of specific nature 
and piJip<Me from a smgle general-purpose oil. 

Fluorescent dye markers have been supplied 
to pilots who are forced to bale out over sea. 
The dye spreads a patch of yellow on the surface 
of the sea visible from a great distance by liearch- 
Lne patrol craft. The same dye was pumped in 
solution through ihe Pluto cross-Chamiel pipeline 
to etkubk breaks and leaks to be detected. 

These, however, are only a few, and not the 
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most Important, of the lE^chnlcal war-time 
achievements of the industry* a* a time when the 
erratic supply of even the coinmonest nuiterials 
of ilu: industry made every month's formulationi. 
a challenge to innovation and ingenuity. 

The manufacture of paiut for civilian purposes 
pracEicahy ceased during the war, and it will be 
some time befons it is again in free supply. The 
only big nsers have been the Admiralty, the 
Ministry of Supply, and the Ministry of .Aircraft 
Produclion and their various contractors. 

The paint mdustiy ha .5 emerged from ibe war 
w^lth its rather peculiar inicmoJ stnictunr appar¬ 
ently unalEercd It Lt still a trade Ln which five 
grtar public companies, some 200 msdium-si^ed 
firms, and about 30Q small family businesses 
(handling only 11 per cent, of the output) can ail 
survive and make profits. 

The opcLmum size of the production unit in 
the paint industry will probably be worked out by 
the competition of rival research teams. Although 
the high cost of research favoms the big rtrm^p it 
does not necessarily doom the smah one to 
e^tlnctiou ; not only has iE the benefits of col¬ 
lective research by a state-aided station bni it will 
also enjoy automatiGilly the fruits of res^rch 
undertaken by the great oilseed and oiL resin and 
colour firms. 

The indastry has no intention of allowing the 
titgicDrCy of the task of renovating and recon¬ 
structing Britain's shattered buildings to distract 
it from ihc opportunities the export trade. 
There iim many good fcaiOfis for the interest 
taken in foreign trade by every British paint 
firm, from the largest to the smallest. Before 
the war the trade exported no less than 16 per 
Cent, of its products and cvem in war-time exports 
w^ere maintained on a high and creditable scale, 
each market rtxieiving its “ ration" based on 
pre-war consumption. 

It Ls well realised that the type of prodti«cts to 
be exported may undergo a change. There is no 
disposition to challenge the right of other 
Countries to malrttain their own paint and dis¬ 
temper indusiriEs built up in ihe ycais when it 
was not possible for this country to supply their 
needs. The large companies are preparing^ by 
means of new oversea companies and affiliations 
w^ith oversea fimis^ to provide finance, advice and 
patent informatEon and rights to help to establish 
paint industries abroad- Both large and small 
firms realize, too, that the best export market for 
paints and industrial finishes will be in speciality 
products giving a better performance than any 
other obtainable. 




Tm^ opiicfll is a product which U required for niRay wmr purposes. Lift : Oni of the processes in the 

of opLkal g3ass, ll sbow» blocks of glass being chipped into smaller pieces^ free from flawa. Right : Making ftoal lastj 

of a long'tbcys aeml recoimaissaiice leas. 
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BRITISH GLASS IN MANY 
FORMS 

B etween the iwo wars progress in equip¬ 
ment and in the lorhnical control of pro- 
cesset^in glass-making in thiscoiin try hM been 
so thorough-going that the rndustiy^ was fully 
capable of tackling any problem gi^ en reasonable 
facilities for acquiring essential raw materials^ 
labour^ and macliincfy: and it has certainly demon¬ 
strated during the war period its power to meet 
difiicuU conditions by adaptability and ingenuity. 

Of the imported raw niaterials sand was before 
the war the most important. About one half of 
the 750^000 tons required annually^ tncluding alt 
the purest* tame from abroad; from FnuiDer^ 
HoUand-p Germany^ and Belgium. Immediately 
on the outbreak of war both commiiiees and in¬ 
dividual lechnical experts in the industry syste- 
maticuLly combed the coiinlfy. From the neigh¬ 
bourhood of remote Loch Aline, on the Sound of 
MuM* a sand was obmined by mining which, 
after treatments w^orked out initially by research 
laboratories, yielded a material purer ihnn the 
best ever supplied from the Continent; and by 
tbe end of 1^44 120,000 tons of Loch Aline sand 
had been dispatched to the far-away glaiss 
factories. The quarries at King's Lynn also 
raised their output of chemicaUy treat^ and of 


water-washed sand Irom a weekly average of 
1,800 toms in 193& to 3,900 tons in the peak war 
period. Important sources of supply were also 
developed at Fairlight and Reigatc, and minor 
ones eisewhere- 

All glasses made for binoculars, naval range 
hnders, microscopes, and the fin^t cameras must 
be of supreme quality. The telephoto [eiLses of 
cameras attached to reconnaissaiK* aircraft con¬ 
tain compooents of considerable total glass 
thicknesSr In one very fine British telephoto 
Iciis two of the components arc each 31b- in 
weight I so that in order to obtain photographs 
with sharpness of detail the glass used must have 
great clarity and light tnmsmissioo. Clear 
spectacle glass or very fine commercial crystal 
glass would be useless. True optical glass required 
for Its manufacture tbe purest of raw maceriais, 
melting crucibles especially resistant to corrosion 
(even platinum is now used for sonoe glasses)^ 
and elaborate stirring of the moJien glass for 
many hours; while the inspection is so severe 
that after being thus made the major port of the 
glass may be rejected. 

At the outbreak of war two British firms were 
making optical glass. The larger producer with 
nearly a century’s reputaticti in this field, was 
makmg more tl™ 100 varieties. It stepped up its 
own output and, based on its experience* a dhv- 
persaJ factory* with approximately equal produc- 
tioup was erected. Moreover^ when bombing 
became set^ere* it made arrangiements for a fac- 
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lory to be up in Canada and assjsL-ed in Ihc 
genenil pEarming and in the training of personnel. 
Tltis fine new raetor>' has supplied not only 
substantial Canadian needs but also in the cariicr 
war years helped to meet United Stales require* 
ntents. The iaJc of fme optical glass made in 
Great Britain in the peak war year was nearly 
seven times that io L936. Large q nan tides were 
supplied to India, Australia, and China, as well as 
to the United States and Canada, in addiUoti a 
special process was worked out for making the 
large quantity of optical glass needed for tank 
periscopes—a process which avoided the need for 
two additional optical glass plants. 

Of the mamfold other uses for gSaHL-; during the 
war^ thcR^ is space only to quote a few. Vast 
quantities of sheet and wired glass went needed 
for the huts and bLiildingB for naval, militaryand 
air fomc establishments, and for the new arma* 
ment factories and depots. Huge demands arose 
for making bombed houses habitabk and for 
restoring gmcohouscs used for food production. 
When all possible sheet drawing plant had been 
pressed into service and remained inadequate, 
macbincry was adapted LO prCKluec a rollod 
substitute for sheet glFi^^ which added many 
millions of square feet per anniMTi to the total. 

Fcpr powder factory works many thousands 
of cJtplosion-proor glass lighting fittings w^erc 
supplied capable of withstanding pressures of 
l5oib. per sq. inch, which, in the case of units 
I5in. in diameter^ meant a total load of 12 tons. 
Moreover, the glass had to be of such heat- 
shock resistance as to withstand, when in 
running opemtioD, being hosed down by cold 
water. A special glass refiactor with a verry 
wide light spread was designed for the engine 
rooms of acroplane-carrters. Special light¬ 
houses lit up acrodroitieSp and many thousands 
of contact light fittings, capable of wiihstanding 
a load of 15 tons per square foot, w^ere let into 
the sidss of runways giving light to fadlitate 
|ajiding.s of aeroplanes at night and in misty 
weather. Lenses with a red filter, giving a fan 
' of light at 5dcg. above the horizontal, were 
first used in France Id facifimte the safe landing 
of gliders on D Day, Among v'arious other 
forms of glass associated with aeroplane navi¬ 
gation was one traiisnutting only ulira-viplet 
light, which, in conjunction with fluorescent 
paint, ilJunimated the instrumen i panels. 

At one stage of the war many hundreifs of 
thousands of sticky bombs were made wjth which 
to attack tanks, the explosive charge being 
placed in a specially designed sphcriciiJ glass 
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container. Some 150,000 buLLct-rtsistin^ panels^ 
consisting of live layers of selected pbie glass 
with four thin plastic interlayers, were used to give 
protection in fighter aero planes ; while hlmdrcdsof 
thousands of windows, made on a similar miilti ply 
principle,, were supplied for tanks. Many miliiomi 
of square feet of laminated glass were manu¬ 
factured, being used for goggles^ by the million, 
for army respiraiors and airmen's goggles. 
Other goggle glassfrs with spcclEil heat and Light 
absorption prof>ertie5 gave protection to airmen 
dying under special conditions, as in the tropics; 
and half a million goggle to give pro* 

tection to acetylene welders have been supplied. 

Tougfieued (armour-plale) glass screens of 
great mochanica] stmngth were used in blast- 
proof hoods in gun nurets and to give protection 
to jnstnjnoeQts, to searchlight emplacements^ 
and to personnel against blast and hiravy weather 
In naval vessels^ 

Gloss fibre, drawn originally in filaments 
finer than the ilnest silk, had a host of uses \ 
for air filtration in gas cleammg stations, oLreraA 
factories above and below ground, and vehicles 
operating tn the desert; for heat-insulating 
panels attached to ihe hulls of ships» making 
bring condition.^ tolerable, either In the teopics 
or in the Arctic; for lagging the many miles of 
service pipes in R.AT. stations and Royal 
Ordnance depots; for several milliofi insuktion 
slabs in food containers used in battle areas. 
It w^as applied to siJence noise within aircraft. 
Over 30,000,000 yards of glass tape and 500,000 
^uarc yards of woven glais doth were employed 
for electrical msulation. Black-dyed glass doth 
was used to shade the upward glare from para¬ 
chute flares. Glass fibre is unatTected by the hot 
and humid atmosphere of the tropics, and white 
ants will not eat it. Accordingly, petrol lighter 
wick and even bootlaces have been made from it. 

Radio valves and shniJar devices made from 
glass and metal combinations, in 1,500 varieties, 
and rangirig in size from an acorn up to 44iin. 
in length and 1 lira, in diameter, have b«n supplied 
dujing the war to the extent of more than 
130^000^000. In the peak year of the war the 
production of gloss bulbs for ekctric lamps and 
radio valves probably reached 2CN>,000,000; 
while the gloss tubing of s^arious kinds and 
diameters probably exceeded 100,000 miles. 

The number of varieties of electric lamps made 
for ail purposes Is too larger to be estimated with 
certmnty; but the three services alone had more 
than 2,000 rcrerence numbErs for lamps in com¬ 
mon use. Of these, the smallest which have been 
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on active ser^^ice—namely, sextant and astro- 
graph lamps—have a buib only one-firth gf an 
Inch in diajneteir white the largest filament lamps 
v^'ete probably those used in actDdroiTtc flood- 
lights. They ■^cre of hard glass and the spherical 
part of the bulb was abokit a foot in djarneter- 

In regard to glass tubing, apart from its uses 
in alt kinds of lamps and vaKies. it provided the 
basi!( for innumerable articles, such as ther¬ 
mometers of all kinds: many forms, simple and 
complex, of scientific apparatus ; and hundreds 
of mill ions of ampoules for medical supplies 
and for military cpnirol purposes. 

Glass pipe itnes and large-scaJe condensing 
towers and coolers have replaced metal and 
other materials in a number of chemicaE factories. 
The production and use of fused silica glass have 
greatly expanded for many objects large and smalt, 
where very great heat, chrmicai or electrical 
resistance v-ere needed. The cultivation of 
penicilfin has called for hundreds of thousands of 
flasks and huge quantities of vials madefromchen^ 
ically inactive glasses: while blood transfusian for 
the services hiu required ^^500^000 special bottles. 

Upwards of 1,000^000 bottles have been 
supplied for holding vaccines and sera. The glass 
bottle industryT m spite of labour shortage, main¬ 
tained an annual output of 15,5(50-000 gft)5S of 
bottles throughout the war j'eani, 3x^00,000 gross 
being for medicines and drugs, nearly 1.1)00,000 
gross for mUk. and S.OOO.OQO to 9*0()0^000 gross 
for other foodstuffs. 

Under the stress of necessity, even the high 
pre-war rates of automatic machinc^drawLng of 
slieet glas.s, rolling of plate and blowing of 
bottles were exceeded by 20 to 3J per cent., and 
the furnaces* operating continuously day and 
night, were run for longer periods tlian in pre¬ 
war years, not infrequently for two years. Two 
processes were developed for drawing glass 
tubing of precise internal and external diameters. 

The manufacture of ** whitespectacle plate, 
all of which had been imported before the war, 
mainly from Germany , was undertaken with 
such thoroughness that the annual deliveries to 
the spectacle makers averaged 20,000*000 circles 
and 4,500,000 squares. 

Improvements in the pressing of glass to give 
high surface finish enabled prisms for aerodrome 
lighthouses to be presxed'with a light distribution 
cflkiency of 90 per cem. of that of the pfe-w='ar 
optically polished type, hfew and more strin^nt 
specificaiious of dimensions., of strength, and of 
light transmission were accepted for thousands 
of articles, whether machine or hand made. 


Thus the hand-made, cone-shaped cathode-ray 
tube-s, of which some millions were supplied for 
tckvision purposes, had to be made to such 
cIdsc specifications of diameters waJl-thickncss, 
freedom from bubble, and pressure ■resistance. 



A large mercury redi&er for ihc convefsion of 
cEKlricity frtim aJteiDadng to direct currertt. This h 
an example of the higMy spccLfllized use of glass in the 
ck^rical industi>\ 

that for quite a period the reiections in same 
factories greatly outnumbered those accepted. 

Similarly in grind tog and polishing processes, 
grindings to 1/1,000th inch have been common on 
a certain electric insulator; and ail-glass hypo- 
dermte syringids have been produced in many 
thousands a week with barrel and piston ground 
to 1/]0,00Dtli iiKh. The precision grinding and 
high polish now attained in British plate glass 
made ihat material ideal for moulding Perapex 
parts for aircraft and for standard-kvelling plates 
kt tool wtringL Gap and plug gauges in glass were 
quietly developed In England two-years before pub¬ 
licity was given lo similar American developmen ts . 

There were some peace-time products the manu- 
faeture of which was interrupted, but they were 
not numerous. The>' included Vitrohlc and glass¬ 
ware decorated by cutting, engraving, sand¬ 
blasting and acid etching The Board of Trade 
order which resulted in the closing down or 
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tel^optng of pottery works and certain other 
businesses had little elTect on the glass industry' 
sii.va that glass cutters and dEcoratpr? for whom 
essential war work could not be found were 
directed to other occupations^ Their number 
would scarcely be one per cent, of the total 
employrnenl roll of the industry. The dnns 
making decorated and " luxury '' glassware in 
peaDc-timc found ready employment for their 
furnaces in producing technical and utilitarian 
glassware. One such linn itiinquJshed iis high* 
class domestic giass-ware trade in 1939 and under¬ 
took with great soiccess the manufacture of high 
priority glasses made to stringent speciheadons. 

No account however briefs of the glass indus¬ 
try's w-ar effort is complete without mention of 
two things: First, that quite a number of firms 
equipped With automatic machinery put part of 
their engineering equipment at the Government's 
disposal for the machining of shells and aero 
cDgEue parts and for salvage work on wrecked 
aeroplanes; secondly^ that good will and co¬ 
operation were marked features of the relation¬ 
ship betw^een firms in the industiy. 

The posi-war prospects of the industry are good. 
Tn the manufacture of drawn sheet, botdes, 
electric light bulbs, and safety glass, both lami¬ 


nated and hcaMreated,this country in its machioe- 
equipment and methods compared favourably 
with any in Europe before the war: while in 
methods of polklied plate production it led Ole 
world. We arc likely to remain setf-suJficient in 
all these products, and in opticaj, chemical, heat- 
resisting:, and electrical gla_s&es, in radio and allied 
glaiiswarc and in fibre glass and its products; 
while a number of dcvelopmenlSp held up by the 
war, such as fluorescent lighting and the rtianu- 
factum of cheap, yet presentabki domcsik 
glassw'are by auiomaiic machinery wifi go forward. 
In regard to export, it is known that heavy 
demands exist oversea for all kinds of gLiixswait, 
constructional, technicaL and domestic. The 
large Continental pre-war producers. Germany^ 
France, Czechoslov-akia, nnd lialy^ must iDcvil- 
ably take lime to jnecover, Japan, a big producer, 
must be counted out, and the U.S.S.R., by 193S 
the largest European producer of heavy glass^ has 
probably had itsfocihtjes impaired by the rava^ 
of war. There have been some developments in 
gjass-moklng during the war in South American, 
South Afrit^ and India^ and further expansion is en¬ 
visaged. But for sometime to come heavy demands 
both ID the home market and for export will con¬ 
tinue to confront the United States andGt.Britain. 



Two exj^mples show in g the .jppEiciitiuri or giiiisA to meet the demamls of war lire seep above. Left : G rinding pri^aiic 
lenses fur aerial beacons. Right t The sticky bomb, I be body or' which is comprised of a ^jlass flask. 

174 



fOtTeftV AMD C£RAI^rC 


56 

POTTERY AND CERAMICS 

D uring the sijsi besides 

supplying hundreds imOianfi of cups^ 
saucers, and oLber crockery to the armed 
forces, British Rcstaiinints^ md factory canteens^ 
the British potieiy industry has produced a wide 
range of highly specialized ocrnniic w^ares directly 
essential to the war effort^ including laboratory' 
pomclain, porgus diaphragms and electrolytic 
cellSp Altering media, sparking plugs, acid-proof 
chemical stoncMarc, porcelain insulators, and 
many special items to replace plant or accessories 
fprmeiiy made in metals rubber, and ether 
materials in short supply. 

In addition, there was a tremendous demand 
for humbler bu! no less essential clay products^ 
such as bricks, lilcs, sanitary fittings, drainpipes^ 
and conduits—all of w^hich were re<tuLred in %'asi 
quantities for the construcllon of war factories, 
camps, aerodromes, hospitals^ and other build¬ 
ings. Rcfraciaries, which also form a section of 
thecernntic industryp are dealt with in the foUow'' 
ing chapter. 

In relation to output, the labaratoiy^ porcekain 
section 15 probably the sniailesi to the industry. 
None tlie less, it is of vital importaiKre to the 
British scicntisls and technicians, and the manu- 
factore of chemical porcelain has been well 
described as a master key industry."" 

To the research work carried out in numerous 
laboiaiories in Great Britain and allied countries 
we ow^e the development of new explosives, 
chemicals, and drugs, as wdl as importanl 
discoveries in many other iieTdSi Such researclu 
In turn, depends to a great exicnt on the avail- 
abihiy of high-'gradc chemical porcelain crncibles. 
dish®, beakers, cambusdon boats, funnels, and 
many other of equipment. The ware has 
to withstand chemicaJ corrosion, high tempera¬ 
tures, and thermal shock, and its manufacture 
cali^ for exact control of materials and processing 
at cs'Ety stage. 

Even at the time of the Fnmeo-German war 
Germany realized the increasingly importani part 
scicnec w duld play in fntuii! conflicts and planned 
a rnonopoJy of sdentific Lnstnimenis and labora¬ 
tory equipment. In this she virtually succeeded, 
and 1915 found Great Britain in a critical situation 
so far as scientific research wtis coocemed. 
Stocks of Cetman laboretory' porcelain wiere 
nearing exhaustion and the rnanufactune of sinular 


ware in this counhy had never been of&rially 
encouraged. Two famous British pottery' firms 
saved the situation then by producing. In a few 
months, a sufficiently rehable ware to enable the 
work of scientists to proceed. Since that time 
they tu^vc maintained the rnanufactune of this 
essential product, improved its quality, and 
during this war have been able to meet the most 
exacting requirements. Moreover, the export of 
laboratory porcelain to allied countries and the 
Dominions greatly increased duiiug the war. 

Other technical porcelain w^ares which havo 
been in de-mand during the last ax years include 
porcelain formers for rubber gloves used by 
doctors and nurses ; special parts used in making 
parachutes, webbing equipment, medkal sutures ; 
and symthetlc threads for rubber tyres. Another 
specialized branch of the industiy has been 
the manufacture of ceramic sparking plugs upon 
w^hich the efficiency of all the many types 
of Intemal-combusiton cnginirs used in the 
prosecution of the war so largely depended. 

The Gulstanding characteristic of chemical 
stoneware is its resistance to all acids and other 
corrosives, with the exception of hydrofluoric 
acid and hot, strong caustic alkalis. During 
ncoenc years the rnechanical strength of chentical 
stoneware and its resistanijc to thermal shock 
have been enormously improved, with the result 
that this ceramic material has been used to 
replace certain types of equipment formcjriy 
designed and made Ln metajs. It must be empha¬ 
sized, however, that besides such uses as an alter¬ 
native material there is a wide spherr of applica¬ 
tions in which chemical slonew'are is the ouly 
feasible material,, because of its resistance to 
corTosion. The fact that the material can be 
made by several dlfiTcreui processes, including 
[hrowLng on the potteris wheel, moulding, 
casting, pressing and extniding, permits consider¬ 
able flexibility in design. Another advantage is 
that stoneware pipes, valves, impellers, and 
similar equipment can be preciiiDii-ground to 
exact measurements, as, for example, when 
vacuum-light joints are required. 

The following is a very small selection from 
the many hundreds of e:fScntial war-time products 
in ihe manufaclm^ of which chemIcaJ stoneware 
has played a part 

Exph>sltes: Cordite, fulniiiintcs, guncotton, pcnlonite, 
pkric, R.DJC, and TN.T. 

Adds? Acetic, formk^hyilfgchToricT nilric, phosphorie, 
And sulphuric; 

Chemienk und Drng^, *c,: Asplriiq anii-gai bleach 
ointment, bissmuth, bromine, chlorine, chlorofomu 
D-D.T.^ ethyl cbJoridC:, hydrogen peroxide, inmiia^ 
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The Brtii&h potterj-' industry prodycni huodictls of imUioaSi of cups, saucers, and other 
crockery durins ihc war for die service and factory centeens. Some of the utility 
crockery is seen in production. 


iodine, M. &. B. drugs, mepocrine, penicillin. 
suJphauiiiunlde, potassium^ $clcnium. 

Other Pfoduets: PholofirspbiL- cmu^siOEis. plasrics, 
synthetic and reclaimed rubber, soap, synthetic oil, 
testiic^, tilanium, ihoriLinir and iimgsten. 

The range of equipment supplied by Bridsh 
chennical stone wan: manufaaurers incluties pipe¬ 
lines ^ cocks, valves, pumps, tanks, mixing pans., 
stDiagc vessels, transport jars, absorption and 
scrubbing towers, vacuum and pressure filters, 
fans, nitrating pans, &c. Other applications of 
stoneware were practice bombs^ electric kettles, 
and rings for electric heaters. 

Many millions of stoneware containers, such 
as N.A.A.FJ, jars, mm Jars, A.R.P. food and 
water conLainere, mugs, beakers, and foot 
wamiers, were also supplied. 

Throughout the years of war it was imperative 
to maintain uninterrupted communications by 
radio, telephone, and cable for planning com¬ 
bined operations^ for coordinating the efforts of 
the United Nations, and for speeding supplier 
from the factories to the various fronts, in these 
spheres, as in important new' developments, such 
as radiolocation, electrical poruelaiii msuJators of 


many different types and sizes were an indis¬ 
pensable component. Without an assured supply 
of insulalors the distribution of electricity for 
lighting, heating^ and cooking in homes^ factories^ 
and canteens could not have been maintained, 
and the transport services—electric railways, 
trams, and trolley-buses—would have broken 
down. 

TIte number of porcelatn insulators produced 
by British potters fior these and similar purpo^ 
ran into hundreds of milliDniS. and there was also 
an immense export demand to be met at the 
same time. 

Large numbers of porous ceramic filters were 
needed Cor water purification, especially for use 
in tropical or undeveloped countries, where the 
risk of water-borne infections was a cdnsiani 
menace. SimiLar porous media were used in the 
chcmJcaJ^ pharmaceutical and food industries for 
many different purposes. 

A wdl-known British pottery firm designed a 
Special dcchromator. embodying a porous ceramic 
diaphragm, which greatly kngLhcncd the period 
of service of chromaum plating solutions^a most 
valuable uontribution to the war effort In view of 
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the serious shortage of diromic acid. Fdler 
tubes for aircraft rate-of-climb indicators were 
another importani war-tiiiK developmeotr 

in addition to ail these activities, domestic 
requirements for crockery had to be met. Some 
100,000,000 cups and saucers arc estinnated to he 
broken in British households every year. The 
only way such a demand could be met, without 
prejudicing supplies lo the services, was to limit 
production to pl^n^ undecorated crockery^ and 
even then inevitable shortages arose. Such 
decorative wares as were stiU permitted under 
official regulations were resened for a few export 
markets which had always looked to Great Briiain 
as a main source of supply. In the first two years 
of the woTp in particular^ the pottery industry 
made a Very Important contribution to exchange 
funds by actually increasing the value of exports 
by some £2,000,ciOC?. 

The war-iirne record of the British pottery 
industry is all the more remarkable when it is 
borne in mind that these results were accom^ 
plished with a labour force reduced to less than 
half the pre-wm figure and in face of great 
difficulties created by restrictions in the use of 
coal, giis, and electricity, on which the pottery 
manufacturers depend for firing their kilns. 
Much of the solid fuel available has been of 
inferior quality. 

On the other hand, the industry was fortunate, 
compared with many others, in that some % 
per cent, of the clays and other basic raw materials 
art found in Great Britain. The substitution of 
the remaining 4 per cent-—especially of high- 
grade Scandinavian feldspar—presented pro¬ 
blems for a time, but, thanks to the intense 
research of British ceramists, these and similar 
difficultias were overcome without detriment to 
quality. 

Lt w'as id Great Britain that this age-old craft 
of pottery-making first developed into a vast 
modem industry. The high regard in which 
BritLsh-made ceramic wares am held to^iay 
throughout the world may be attributed to 
throe main fetors :— 

(1> English ball Eind china cla^s from DorScl. Dc^On, 
and Cornwall im; superior in quality^ imiformiiy^ and 
CQloiii to those fontid elsewhere ; 

(2) Britisb skill and ciaftsmanship, handed down 
through sevenil successive gencratianj, have utilized 
to the full tMs bask superiority in mw materials : and 

t3) Technicfll research during the past 30 years has 
Tetulied in au intiinaite wedding of traditional cmfEs- 
TTianship ajid modem scientidc melhodb, with the 
rcSLilt that the appearance;* strength, and rcliabiliiy of 
British pottery are unsurpassed - 
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REFRACTORIES AND 
THEIR DUTIES 

H OW often during the war period has the 
question been asked ** What are Refrac¬ 
tories ? " They are materials capable of 
resisting high temperatures, rapid temperature 
changes, slag and duiker actioo. abrasion and 
other factors of desiruction occurriiig in aU types 
of industrial furnaces. They are basic to the 
operation of blase furnaces, steel furnaces, and 
aU other metahurgica] furnaces, for copper 
refinings and the manufacture of aluminium. 
They are also essential., Inter a/iti, to the car¬ 
bonization of coal at ga.s undertakings and coke 
ovens- the producLion of electric power and 
light ^ for the boilers of locomotives and ships— 
na’iTil and mereanfiJe; the production of glass ; 
the production of cement; kiln construction for 
all the ceramic industries ; zinc distillation, and 
to many chemical processes. Therefore, it can 
quite properly be said that refractorks are an 
absolute necessity to the preduetjon—directly or 
indirectly—of almost every one of mankind's 
requirements in peace and war* but because they 
are built mainly inside furnaces they are rarely 
seen by the public anrf therefore, do not attract 
much popular appeal. 

Manufactured refractories include bricks, 
blocks* and tiles made of maEnesitc, chrome* 
dolomite^ fiieclay^ silica, and sillimanite. They 
are produced in a large number of sizes and 
ffinpes, and must be made to meet the technical 
and other requirtments of the furnaces and pro¬ 
cesses in which they are to be used, Refracloty 
cements* compositions, and other ground 
materials also are produced in large quantities. 

Of the raw material magnesite, the United 
Kingdom possesses no natural deposits; before 
the war supplies were drawn froni .Austria, 
Greece, Manchuria., and India. The supply from 
Austria was cut off immediately war broke out* 
and id due time supplies from Greece and 
Manchuria also ceased- Therefore,. Ln order to 
meet the e^'er-ktcrcasing demand'i of the steel 
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and other industries, for magnesite bricks it 
became nectssar>^ to develop the prtKluction of 
refractory magnesite by the sea-water process. 
Apart from those in the Shetland IsJcs, there are 
no deposits of chrome ore in the United KsTigdom, 
but within the Empire there arc abundant 
reserves and, despite the acute shipping difhciiltics, 
ample supplies were forthGoming to meet the 
country's urgent UTir-tLme needs from Rhodesia^ 
Tracismal, and India. hJotwiihslanding shipping 
difficulties and rail transport problems in India, 
supplies of kyanite have been maintained at a 
level adcuuate to meet the heavy war-time 
demands for sillimanJte products. 

The other raw materials, Qreclay, silica sinne, 
and dolamiic, are indiienous. They are either 
quarried or mined. 

WiihouL refractories the nation couJd not 
possibly have achieved its amazini: production of 
aircraft, ships -naval and aiercaniLIe, loco¬ 
motives, tanks. armoLiresi cars, gunst shells, 
bombs, and other munitionSu Neither wotJd it 
have been possible to provide the materials 
required for the ^Mulberry Harbour and “ PJuto," 
which contributed so abundantly to the success 
of the allied cause, nor the huge quantities of 
building materials required for the construction 
of ordnance and other war factories, aerodromes, 
camps, and hospitals. 

The use of refractories is not conhned to war¬ 
time production. They are equally vital to peace¬ 
time requirements; they aic necessary, directly 
and indirectlyp to the producUoa of all classes of 
building materials, the production of food, 
power, and heat, the manufacture of china, 
earthenware, pottery^ glass^ goods and passenger 
transport vehicles, domestic utensils of every 
descriptioTi, and. of course, aJl classes of 
machinery. 

The refractories industry is comparatively 
small, for^ although there are approximately 200 
undertakings, the total number of operatives 
employed, male and female, is kss than 14,000, 
Some firms make more than one class of product; 
for example, most of the basic brick manufac¬ 
turers abc produce silica bricks. 

The industry was not faced with any seiidiis 
change-over problems at the outbreak of wur. 
because iks peace-time products arc materially 
the same as those for war purposes. This cir¬ 
cumstance and ihe fact that it was well organized 
enabled the industry to take prompt action to 
fill the important role it was to be called upon to 


play duriJig the war period A careful survey of 
the industry''s resources and capacity indicated 
that it possessed plant, equipment, and (with the 
escepticin of the raw materials required to be 
imported—magnesite and chrome) raw 
materiais to meet ail war-’tiine requirements and 
that the only limiting factor was likely to be 
that of labour supply. 

AJibough from the outset of the war the opera¬ 
tives were graiiEcd a large measure of reservatioo, 
it was inevitable that a substantial proportion of 
the younger men would either volunteer for or 
be called to the sejr^iexs. Ln consequence, the 
indusiiy's chief problem throughout the war was 
that of labour shortage. Every possible step 
was taken to relieve the position; the employment 
of females w^as materially extended. Italian 
prisoners of war were employed on a considerable 
scale and a greater measure of mechanizatton was 
Introduced where practicable. The imroduclion 
of mechanizationp especially in the moulding pro¬ 
cesses. is necessarily limited by the large number 
of special shapes which are called for, many of 
them of intricate dessgn. 

In a further endeavour to relieve the labour 
shortage, the inaniifactiircrs and user^, together 
with their technical advisers, took steps to cu- 
courage a greater measure of standardizatEon of 
certain types of refractories; that action proved 
to be ^'ery beneficial. 

Large quantities of coal are necessarily used in 
the actual processes of maiiufacture of rt&actories 
as distinct from its use for stEam-mising purposes. 
Therefore, the maintenance of an adequate coal 
supply was equal in importance to that of labour 
supply. The industry's vital needs were recog¬ 
nized, and, notwithstanding the general difficulties 
of coal supplies, there was no serious ease of 
interference with prodociEon. 

Ln the early months of the war the industry 
was faced with the uc^nt problem of preventing 
glare from kiln fires and chiinnc>'s. manu¬ 
facturers' central orgauizadon. the National 
Federation of Qay Industries, appointed a special 
committee to deal with the matter. The com¬ 
mittee worked for many months in dose co- 
operatLon with the tEchnical officers of the 
Ministry of Home Security. Schemt^ for effective 
obscuration were made for all cases and to meet 
ah ciruumstanjces, and a.s the problem affected 
every undertaking, each of which had on the 
average, many kilns, the taafc was a heavy one. 
The committee received most valuable assistance 
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and advice from the director and officers of the 
Brihsh Refractories Research AssociatioJi. 

The industry cooperated closely with the Raw 
Materials Department of the Ministry* of Supply 
throng the Chrome Orc^ Mapicsite, and 
WolfriiiTt Controt ■ the relationship between the 
Control and ihe industry was a happy and elec¬ 
tive one. That effectivo rdationship was helped 
considerably by the Refraetjories Advisory Cora- 
miitce which the hJationa! Federation of CJay 
IndiLstries appointed soon after hostiJitics com¬ 
menced following discussions with the Ministry 
of Supply. 

Wjiti the constant help of the Control pro¬ 
duct ion was maintained at a le^el w^hieJu on the 
whole, was sulldcnt to meet the allied require- 
merits at home and abroad. The total pro¬ 
duction of refractories during 1944 was no less 
than 1,577,438 tons, a great achieveraenL 

Betw'een the two wars the quality of refractories 
was greatly improved. That wa.s made possible 
by greater attention being given to technical 
research and devclopniEnt by some of the larger 
manufacturers and users of lefractorics. and 
especially by the efforts of the British Refrac¬ 
tories Research Associaiioti. The latter associa¬ 
tion was formed shortly after the last war under 
the aegis of the Elepartment of Scientific and 
Tndustria] Resenareh. It has got together a first- 
rare staff of research workers and has acquired 
lincly equipped laboratories. In conjunction 
with the Iron and Steel industrial Research 
Council it parttcipatJEd in the setting tip of joint 
research panels to deal with open-hearth furnace 
refractories of all kinds, electric fumaoe refrac¬ 
tories, and casting-pit refractories. Similarly, 
the association join^ with the Gas Research 
Board in appointing a iotnt committee to en¬ 
courage research on gas and carbontzing refrac¬ 
tories and with the British Pottety Research 
Ajisodation in the appointment of a saggar 
research panel. These developments have been 
of great benefit when, under tlie sLiess of w^ar 
conditioTLs, the manufacturers have had to resort 
from time to time to the use of untried imported 
raw materials for some of their products. 

Throughout ihc w^ar period the industiy was 
forturtate in the relationship between the em¬ 
ployers and their operatives- Wages and 
conditions of work have been discussed from 
time to time and agreemcnis made by the Refrai:- 
tories Joint Wages Board, which consists of 
representatives of the employers" organimtioits 
and the openitives' trade unions ; the industry 
has been singularly free from stoppages of work. 
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LEATHER AND 
FOOTWEAR 

F ootwear is. with food and clothing, an 
essential artkrle for an army in all ages, 
whatever be the types of weapons used- 
It might be expected accordingly that the foun¬ 
dation of the footwear supply problem could be 
laid in peace-time and be ready for automatic 
expansion when war comes about. 

The facts, however, are far different, Seisice 
footwear is of a spectaJized type. The plant and 
lasts needed ate not suitable for the bulk of 
dvliian reqjuirements. Only a few firms are needed 
to produce the limited quantities of boots 
required for the peace-time army. The output 
of very many more firms was needed to rncct the 
situation which arose when millions of men 
were calJed to the Colours, and new' problems 
of organisation had to be faced and overcome. 
The footwear industry of this country' was fully 
equal to the occasion and the necessary trans¬ 
formations w'ene quickly made. 

More complicated were the probtems relating 
to the supply and distribufion of leather for the 
service footwiear. Much of the leather used for 
civilian purposes—^both upper and sole—in 
peace-time is not suiia.ble for service footwear. 
Heavier sole leather and thicker upper leather 
are needed for a man in the army than, generally 
speaking, the same mao has in his peace-time 
vocation. Leather imforUinately cannot be made 
to a specification as cloth and other readily 
standardi^d articles can. It has lo be manufac¬ 
tured fram hides and skins whkh. for the most 
part, are the by-products of meat and are estremely 
variable in many respects. 

The first step in the supply of suitable service 
footwear* therefore, is to obtain the inost stiiiabJe 
types of raw material for the purpose. The 
resources of this country can provide only about 
23 per cent of its hide requirements lin sharp 
distinction to the psKition in the United States, 
where domestic supplies suffice for 90 per cent 
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or more of her need^) and the baluiicc has to be 
imported from many countries, mainly South 
American. 

The withdrawal of Germany as a buyer of 
hides in South America hdped the situation at 
the outbreak of war and no particular difficulty 
was at first experienced in obtaLning the types of 
hides needed in sufficient quantities, and, by 
leason of prompt action taken here to canalize 
purchases, at prices which showed litdc advance 
above the pre-war level- In l*^!, however, freight 
difficulties involved a substantial cut In purchases, 
and subsequently heavy sinkings produced a 
situation which has continued more or less critical 
ever since. 

In contrast with the position in this country, 
there is evidence that in Germany the position of 
supplies of leather and footwear w'as relatively 
good. Germany had access to large supplies of 
hides, skills^ and leather from the occupied 
countries, and information now forthcoming 
from that country indicates that a high standard 
of footwear was maintaified both for Services 
and civilians right up to the end of the European 
w^ar. 

Jn thi-S country^ however, the utmost economy 
in the use of leather became essential p and the 
stocks on which the varions Service Departments 
operated were reduced to a minimum. In the 
autumn of 1941 these stocks were cut to the bone 
by the dispatch of 3,QCM>^Q00 pairs of boots to our 
Russian ally. The repairing and rebuilding of 
warn boots were developed to the utmost |>ossible 
extent, and ingenuity^ was practised on the 
spccihcaiions of ihe 60 or 70 difierent types of 
serv'ice Footwear to ensure the most economical 
use of every piece of leather available. Schemes 
controlling the distribution of leather from the 
producers to the boot manufacturers, repairers, 
and other users were put Into operation with a 
view to using available supplies in the most 
economical manner. These involved the almost 
compicic exhaustion of all stocks in the hands 
of producers, merchants, and users, and the 
elimination of all prevent]ble waste in cuttlug. 

Developments tn the United States were on 
similar tines^ though the position in that country 
never ixached the degree of stringency over here 


and civilian footwear production in that country 
was more than maintained. To a substantial 
extent this was accomplished by the use of alter¬ 
native materials, and the footwear from these 
was sold free of ooupoiis. Nevertheless, the 
United States has experienced a growing shortage 
of leather from the autumn of J94J onwards. 
Informal coordination w^hich existed between 
the Leather Control and its American counlcipart 
for the purpose of foreign hide buying was 
extended and consolidated in 1943 into fonna] 
arnirtgcmcnts under the auspices of the Combioed 
Raw Materials Board, by which the whole of the 
hide supplies, both domestic and imported, 
a^ailabEe to Great Britain, the United States, and 
Canada, were subjected to division m agreed 
proportions. Arrangements were made also for 
regulating the quantities of hides going to neutral 
countries, and In the past few months the scheme 
has been further extended to embrace the supplies 
going to the liberated countries. 

Later in the war similar diffifcuLdes arose 
regardiDg supplies of other classes of leather- 
producing materials. A large proportion of these 
other maiciials is in normal times provided by 
India. The great development in the Service 
requireTnents of India hcisclT and the considerable 
expansion in civilian consumption of leather in 
that country combined with the increasing needs 
of Canada, South Africa^ the United States and 
ourselves ensated in due course a critical situation 
in supplies of the rough tanned hid^, goatskins 
and sheepskins, for which the rest of the world b 
dcpoidcnt on India. This critical situation led 
to agreements to which the various countries 
concerned were partis. Raw goatskins were 
also the subject of formal anaiigeEnents between 
Canada, the United States, and the United 
Kingdom, and distribution controlled under the 
Combined Raw Materials Board regulatioiL 

One of the most unpomm new iEcms gf 
pcjsonai equipment In the Services during the 
w ar was that of gloves and clothiDg for air crews. 
Only a small proportion of the world's sheep¬ 
skins reach the standard set by the high specifi¬ 
cation adopted by the Air Forces In the Allied 
countries, and an arrangement for the division 
of these skins between the United States and 
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ourselves was also reached. The highly mech¬ 
anic] type of modem warfare involves far more 
heavy hand-work " than in former campaignSp 
and the production of the very many different 
varieties of gloves, needed by the Navy, Army 
and Air Force as well as by large numbers en¬ 
gaged in soitie class or other of munition 
manufacture, created from time to time some 
strain on the available sources of materials. 

In past wars, when guns had to be dragged 
into position by horses^ enormous q^uantiliK of 
leather were needed for equine equipment. The 
mechanization of aitillcEy has changed all thisT 
with consequent relief on leather supplies, 
Nevertbeli!ssp substantial quantities of leather 
continue to be used for many articles of equipment 
and a number of new developments due to the 
war occurred, calling for varieLies of technical 
leathers. One of the most important of these 
was the od seal leather needed in aircraJt and 
tanks, whkh requires to withstand tcmpcniiures 


as high as i50dei- €.—a degree of heat which 
leather had never previously been produced to 
withstand. 

Perhaps the outstanding Feature of the war m 
the leather and foowear sphere was the estcni 
to which cooperation between the United States 
and the United Kingdom was developed. The 
leather industry has always been one of the most 
intemitional of industries—^this coantry^ before 
the war imported hides and skins from more than 
30 countries and Bsporied leather to even more. 
Thc cooperation which developed during the war 
included not only regulation at the level of the 
Combirted Raw Materials Board but also daily 
cooperation at the Executive level through a Joint 
Hide and Skin OHice set up in Washington, In 
handling the day-to-day business dEtails of the 
distribution of raw material betw^een the Allies, 
this or^nization has proceeded a very long way 
in the direction of pmctkal cooperation in the 
international field 



The Jieccssaiy adjustmeiita were quickly made to Hiible the fiwtwear mduitry of this 
country to meet the required output fur the Services. Thi^ pictinnf shows the nuiking of 

Oeece-Uned flyifi^-boots, 
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H.M.S. 1LLU5TRJOUS AT SYDE^TEY 

The ai/cfaft-fll^ft^sr [LEusUioiis eotermg iJic new 

gravlcg doci» one of the largest m the worlds at S^dnry^ 
She was the vessel lo enter shortly before the Dfhdal 
opeoins by the DiLfeenf Gloucester aud Ibe uemanR '^Captaiii 
Cook Dock " by the Duchess. The Illustrious wb-s one of 
four ainrafi-carriers completed in 1541^ the others being 
tbo Victorinas, ponnidublc and IndoKiitablc. She took 
part id the pre^iAva$i[>Ti attacks on Okinawa and was in 
dock for repairK, 
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CANADA'S VAST 
OUTPUT 

T he simple assertion that Canada held 
fcmrtfi place in war production among the 
United Nations gives only an indirect 
indication of the remarkable status this country 
attained as an [iidustrial power during the war 
vears. While large Canadian forces were fighting 
beside their allies on the battle-fields of Europe 
and else^hcTCp another Canadian army of over 
1,000,000 men and women was engaged on the 
industrial front at home; in work and output 
it enabled the Departnicnt of Munitions and 
Supply to make produettoa commitments approjti- 
mating 511,000,000,000 in value since 1939* 

The country's daily war produedon bill, about 
S6,000>000 at the end of the war, rose from 
Sh500,000 in 1940 to S3,500.0Q0 in 1941 and 
S7.000,000 in I94Z: it reached its of nearly 
S9,000,000 in 1943, Tn the fotlowing year, by 
maintaining the physical volume of produetion, 
Canada rose to second place among the exporting 
nations. Her exports in 1944, excluding gold 
and consisting mostly of war goods and food 
products, amounted to 53,439^953,000^ the 
highest total in the country's history. Of all the 
war etiuipmeni produced only 30 per cent, was 
needed for the Canadian armed forces; the 
irmaiuder went to Britain, ihe United States, 
Russia, China, Ffunoep Australia, New Zealand, 
and other United Nations, ultimately finding iix 
way lo Tiirtually every theatre of war* 

When war broke out Canada had no aima- 


nicnts industry to speak of. She produced a small 
quantity of ammunition, a few experimental 
models of mililary vehicles, and some negligible 
quantities of other mjtitaiy items, Neithef guns 
nor tanks wem produced, no large ships, no 
aeroplanes. Sinoe 1939 the country has more 
than doubled its industrial capacity and has 
produced a great varied of naval and merchant 
ships, aeroplane up to the 15-ton Lancaster 
bomber, scores of types of small and heavy 
ammunition, more than 100 kinds of miliony 
vehicles, small anns in great variety, self-propelled 
guns, tanks, armoured cai^, artillery, precision 
insirttments, radar, uniforms, parachutes, and 
hundreds of other items needed for modern war. 

In the cariy months of war the production 
assignments allotted to Canajda were small and 
comparatively easy to meet: but as weapon.^ 
became obsolete, and as Canadians dcmoii- 
strated that they could turn out larger and more 
complex equipment, the assignments changed and 
grew more difficult. Production figures began 
to rise, but their statistical presciiLation never did 
mom than suggest what was being achieved by 
Canadian industry* T^y did, however, indicate 
to those who eared to study them that a country, 
largely agricultural, was being tmnsformed into 
a war-time arsenal, capable of meeting exacting 
production demands, notwithstanding shortages 
of man-power, tools, and nuitcrials. They 
reflected an adaptabiUry, an enterprise, and an 
organization for war that were Itktiy to place 
Canada in a new industrial position in the post¬ 
war period. 

The responsibility for obtaining raw materials, 
machine tools^ and plant facilities^ of building 
and operating GovTinment-owTied plants, and of 
undertaking all supply purcluising for the 
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countiy's armed forucs and her allies was 
centralized in one Government body—the Depart¬ 
ment of Munitions and Supply, under the 
diicction of I is Minister^ Mr. C. D. Howe, now 
also Minister of Recpastniction. This centralized 
or^nizalion eliminated competition as between 
one branch of the armed icrv ics and another, 
or between one aJlied nation and another^ and 
gave cohesion and strength to the rnobifimtion 
of the counlry’s war resoumes. Canada is 
believed to be the only eountr>' within the 
United Nations that handled ail war supply 
through a single agency, and to ensure the' 
channelling of raw materiats into war output 
while assuring a basic civilian supply, aimosi ail 
ihe primary and socondaiy materials were 
placed under a system of controls, operated 
jointly by the Department of Munitions and 
Supply and by a War-Umc Prices and Trade 
Board, responsible to the Minister of Finance. 

tn the process of organizing the country's 
productive resources these two bodies superv iscd 
virtually the whole JkJd of Canadian economy. 
The Minister of MunitiDiis and Supply was em¬ 
powered to mobilize, control, regulate or leslrict 
any brunch of trade and mdiistiy . He exercised 
his authority through controllers (members of a 
War-time Industries Control Board) who had 
wide powers of control and jurisdiclion over 
steel, metal.v, oil+ coail^ power* timber* chemicals, 
machine tools, aircraft, motor-vehicles, construc¬ 
tion, ship repairs and salvage, transit faciUties 
and miscellaneous supplies such as sUh, rubber, 
and other commodities. A priorities branch 
fixed priorities of production, transport, and 
delivery; and the Government's authority found 
further expression through the agency of Govern¬ 
ment corporations operating in rubber, silk, and 
machine tools. 

By the end of June, 1940, timber, steel, and otl 
controls had been csta Wished, and these were 
quickly followed by other controls. The!>c 
controls madp available essential muicrials for 
the production of war equipment, which was co- 
ordijiatcd by a prcNjuction board, under the 
chairmanship of the Coordinator of Production. 

While the Industries Control Board had 
complete control of the supply and allocation of 
essential materials, the War-time Prices and Trade 
Board was the supreme authority in the whole 
field of price control. Ail goods and services not 
under the jurisdiction of controllers were subject 
to the authority of the board, which was also cm- 
poweted to restrict and effect increased stan¬ 
dardization in the production and distribution of 
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goods and services; to make recommendations 
for the removal and reduction of taxes and duties; 
and, through a Commodity Prices Stabllizaticin 
Corporation, to pay subsidies to prevent any 
puncturing of an established price ceiling. Co¬ 
ordination between the Industrie.^ Control Board 
and the Prices and Trade Board w^s particularly 
close, as the controllers were pnerally also 
administrators under the latter board. 

In addition to controls tffccied through fiscal 
policies, restrictions on economic activiiics were 
imposed by export permit regulations : by the 
operation of the War Exchange Conservation 
.Acti which prohibits or restricts certain imports ; 
by War Labour Boards dealing with wages ; by 
Lhe Canadian Shipping Board; and by National 
Selective Service, controlling the supply and 
movement of labour. Other controls affected 
agriculture and foreign c.xchange transactions. 

The Industries Control Board supervised 
civilian production and supplies through Ihcr 
agency of a number of controllers, who were 
empowered to sec that productive facilities were 
expanded to meet requirements, and to hmil, 
and, if necassaiy, to prohibit, production for 
civilian use of those materials which were scarce 
in relation to war and essential needs. This 
diversion of production from dvilian to war 
requirements called for a high degree of coordi¬ 
nation, both in integrating the activities of the 
controllers and in providing a centralized point 
of contact with Other Govemmeni agencies and 
with related price, export, and import control. 
The board was structurally designed to facilitate 
coordinaiion. It consiSEcd of the Coordinator 
of Controls, as chairman : the Coordinator of 
PrcKduction ; the Priorities Officer; the individual 
controllers ; the Chairman of the Prices and Trade 
Board ; the President of the Commodity Prices 
Stabilization Corporation; the Director of 
National Selctdve Service, and one of two others. 
TTic orgunizatLon thus set up eUminared the possi¬ 
bility of the controliurs working at cross purposes 
with each other, and enabled the whole programme 
to be kepi in line with the basic objective—the 
clTecLiV''e mo bil [?at ion of economic resources. 

1ji the civilian field the Prices and Trade Bo^d 
imposed conirois and restrir Jon.s extending from 
the control of all prices and rents and the licensing 
of wholesaJo and retail business to the regulation 
of particular types of sales. The National War 
Labour Board, with regional boards, saw that 
wages Were maintained at basic rates, with 
increases, being granted only in special clrcuni- 
stances. Salaries likewise coLdtl not be increased. 
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A Nationid Labour Relations Board, with 
associated regionaJ bo[irds+ operated to enforce 
regulations governing colJective bargaining and 
served to avoid industrial disputes or to make for 
their satisfactory settlement. 

Thus, the Department of Munilions and 
Supply, which began as a purchasing board to 
prevent competition in obtaining supplies for 
the Canadian armed forces, evolved into an 
elaborate organiji^tion that touched almost every 
aspect of Canadian daily life, and impinged on 
ihe supply system that buttressed the allied war 
effort in every theatre of war. Under iis super¬ 
vision the country has become sell-sufhcieni id 
many items it did oot previously produce, and 
the organized allcKation of requirements has led 
to the establtshmcnt of new industrlaJ plants. 
By the end of December, 1944, the department 
had made commitments for Lnv^tmenl in war 
prodiiciion facilities totaJling nearly 3850*000,000, 
Estpenditures included an in vestment of nearly 


S533,000,000 in land* buildings, and equipment 
for the erection of new production plants. 
Approximately 5166.000,000 was invested to 
assist id the conversion to war production of 
privately owned plants producing for commereiaJ 
markets at the outbreak of war. Some 
S7O,0OO.W)O provided housing for war workers, 

A new step was taken in the establishment of 
Crown companies — Government-owned com¬ 
panies formed lo increase production and to aid 
in controlling war materials. Three of these 
had the task of administering and inrproviDg the 
machine-tool position, of stockpiling and dis¬ 
tributing silk, and of stockpiling and distributing 
rubber. Other Crown companies produced and 
purchased aircraft wO(k3s, built and operated 
a synthetic rubber plant, repaired machine tools, 
built ships, operated merchant vessels, directed 
the aircraft industry, consiructed aircraft com¬ 
ponents and aircran made small arms, supervised 
chemicals and explosives production, dealt with 



The industrial capacity u( Canada has been more ihan doubled since 1939 and a ^kii variety of «nr equipment was 
pfoduced- Above are two photographs showing, different stages of aircraft productioB in Caaauian factories. Leti , 
Forging a propeller Right: Extruding a wing ^par boom scctipn. 
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the chmioeKling of war orders from the UtUted 
States^ made mtricate eIcctricaJ appMratij^ and 
optica] glass, and performed many other assign¬ 
ments. In aM, 31 Govemment-owned companies 
were cscablisbeti, LO to operate plants, 2P to fulhl 
administrative or purchasing functions, and one 
to deal with the disposal of Government 
assets. 

While some Canadian indlJstrLes^ such as the 
steel mills, the automobile plants, the electrical 
and radio equipment trade, and the machinery' 
plants, adapted themselves fairly readily to war 
needs, it was nevertheless necessary to expand the 
Canadian industrial plant on a large scale. The 
country has in fact undergone an industrial 
revolution b the short period of five ycant. In 
the process labour has acquired new skills and 
techniques, and great advances have been made 
in the field of labour-managicment relations. 
Trade union membership has about doubled, and 
coosultation with organized labour is now- 
accepted Government practice. The Canadian 
manufacturer has not only teamed to produce 
many thin^ which previously w^ere not produced 
in Canada, but has bcnctitcd from new processes 
and materials that have been btroduced. 
Although the industrialist during the war yeari 
was subjecled to many rigid controls, the ex¬ 
perience has shown that b special CLrciunstanccii 
the Government can supervise the whole of a 
nation's econon^y without superseding private 
enterprise. 
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AUSTRALIAN WAR 
PRODUCTION 

A USTHALTA^ war production was in¬ 
timately related to the phases of the war 
itself partEcularly as it deveJoped jn the 
Mediterranean and in the Pacific. Three main 
stages can be distbgulshcd t— 

First, the period follDwing the dedarailon of w$.t 
against Germany on September J, t939; 

Sccffiid, the southward thrust of Japan in 1942. the 
fall of Singapore, t he ocoipatioii of Lbe Solomons, 
itncl ihc direct tluxat lo Australia; and 

Hiird, the defcEiLi of the Jiipuiy;.sc at Guadalcanal, m 
the battle of the Com] Sea and at Kokoda in 
Guinea, and the assumption of the ofFensivc 
against Japan by the allied forces after tbe early 
montha of 

In the first of these phases the contribution of 
the Commonwealth to the war against Germany 
was [he uiaintenaiicc of the Australian Imperial 
Force in the Mediterranean theatre and ihe 
supply of foodstuffs, raw maicrials, and some 
munitiaiis to Great BritaitL This was a period 
of organizing war administration, of reor^Tiizbg 
the bdustrial and financial structnrct and of 
reviewing the resource of the nation. 

In the second phase the iiatica moved into a 
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managed economy and into a period of inicnsc 
pneparatiDii to resist Japanese aggression and 
a possible invasion, The expansion and training 
of the armed rorccs, and the partial blockade of 
ihe continent threw the Cocimonvi-catih upon its 
own resources in providing munitions and equip¬ 
ment at the cost of reduced civilian consumption 
and of considerable disEocation in rural industry 
and export trade. Ai the same time. Australia 
bcomie the main allied base for the counter¬ 
attack upon Japan; Americin Forces and equip¬ 
ment had to be accommodated, and defence 
works of aM kinds from aerodromes to harbours 
had to be constmetetL in these circumstances 
Government direction became necessary to divert 
resources from unessential acth'itiesi, and 
ecoDOQiic controls were dDcessarily extended. 
By the middle of 1943 this second phase was 
completeT men had been uainedK new arms had 
been produced, reserves of all kinds had been 
accumulated, and an acute budgetary' problem 
was being successfully solved. 

The opening months of 1943 saw the beginning 
of the third phase, the mounting of a cumulative 
offensive against Japanese positions. By npw the 
mobilization of resources had been completed^ 
but great new armies, navies, and air foroGs had 
to be supplied on a growing scale. New problems 
of supply accompanied the employment of new 
types of weapons and equipnienT for sea and 
jungle 'warfare: increased demands for troop 
needs were made upon the food and cEothlng 
industries. More ships were made available to 
enable exports of food to Great Britain to be 
iiicieased- The Austraiiafi economy had now 
reached the practical limits to the employment of 
all resources. 

All this development required by 1944 the re¬ 
casting of economic controls^ and, in some 
directions* existing policy was changed or even 
reversed The demands for food for Britaici 
and for the allied forces in the Paci£c compelled 
re-allocation of labour aind release of men from 
the forces in order to maintain rural production. 
These were the urgencies prevailing in 1945, 
associated with the necessity for increased 
supplies of farm machinery and fertilizers. 
Unfortunately, the 1944-45 season developed 
into one of the most disastrous droughts in the 


history of ihe country and many of the produedon 
goals will not be reached. 

The first year of war in Atistmlia was largely 
a period of preparation for the struggle which 
lay ahead. The Commonwealth Parliament 
passed a comprehensive National Security Act, 
which was a blanket measure rteoessary to enable 
anything to be done under the Defence power. 
The next step was to bring about a progressive 
diversion of national resources to the purposes 
of war; and this took the form, first, of strengthen¬ 
ing the industrial and financial organization upon 
which a total war effort would be ultimately 
buiJt, and secondly ^ of easing the transition for 
the comraunily. These aims were often in¬ 
compatible, but the “sorting out*' process 
proceeded without excessive friction. 

[n June. 1919, the Department of Supply and 
Munitions had been set up, while the Division 
of Import Procnrameiit was organized under 
Trade and Customs to control the import-export 
structure in relation to home productioii. With 
the splitting off of the DepaETment of Munitions 
from Supply and Development, sub-departments 
headed by proved business executives were set up. 
Industry w-as brought under the controls necessary 
for expanding essential, and diseoLiragiiig tin- 
essential, produedon. The eoramimity was be¬ 
ginning to realize the problems of economic 
warfare. This reorganization was of prime 
importaitce because* at the outbreak of the war, 
the country was lacking in annanients production 
and Its output of war goods was very small. By 
the end of 1941 Australia had established new 
precision processes and was energetically swinging 
into the production of aeroplanes^ Bren gun 
carriers, anti-aircraft guns, machine guns, naval 
armament, and many other types of equipmEmt. 
Blueprints were being got ready for much more. 

Early in tt^ war Australia was supplying a 
great amount of clothing, maieriats, and equip¬ 
ment to other parts of the Empire. The Eastern 
Group Supply Ccmncil was organized and based 
at Delhi “ to make the best use of the productive 
resources of British countries in the Eight of war 
needs and the transport problems of the Empire.” 
The figures below shovv the order of the achieve^ 
ment in this field of supply, and its relation to 
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chajigei in the (iiiieeliom of Australia's imports 
and exports i— 

DIRECTION OF TRADE 
AtJffTRAUA ^ PRE-WAa aKD PoST-WaR 
tTA. milltDns) 



Impcns 

EApUltS 



T 943-44 

)938-39 

1943-44 

United Klng- 
dqTTi 

40.4 

23.2 

68.7 

38.9 

Foreign 

24.6 

6.1 

33.B 

WA 

Canada 

7.7 

10 

2.0 

3.6 

Other British.. 

S.5 

6,4 

13.1 

24.1 

EasternSupply^ 

3J 

15.3 

3.3 

169 

USA, 

14.6 

25.9 

19.6 

28.3 

Toiai 

99.5 

7S.9 

140,5 

132,2 


* Easi^m Supply ntniiiii and Ceylon, 


This table will indicate broadly the theatres 
Eo which commodities were diverted by war 
necessities from normal export markets. The war- 
ttme trade relations between Australia on the one 
hand, and ^dups such as India-Ceylon, D,S,A,p 
and '"Other British" on the other cannot be 
regarded as permanent. They reflect economics 
in shipping owing lo jcarrangcmcnt of Australians 
trade with nearer countries. It is uimeces^iy to 
specify commodltjes, but the enlarged imports of 
gotten and cotton goods from India, of tea from 
Ceylon, of tin-plate from Lf.S.A., and of exports 
of manuractmes to blew Zealand w^ere tyTi^^ 
the way in which trade was foroed into a new 
pauem. 

As the war cfTort prexxeded the main diffrculty' 
was the coordination of the different controls set 
up, and in 1942 the Department of War Orj^i- 
7ation of Industry was formed for this purpose. 
The normal operative principle adopted was the 
rationalization of production, in order to comb 
out unessential induslrles and unproduciive 
labour so that the maximum cJTort could be made 
to meet the menace of Japanese invasion. 
Prohibitions of production or employment were 
the device used for achieving Ehc desired result. 

Under W'.O.l. the Director of Manpower 
was also set up lo find 350,000 additional men 
and women for the Services and for war produc¬ 
tion generafiy. At this stage smal] bu^^ine^ses 
sulFcred greatly, and rural industry was di’^ined 
of manpow^cr for the or the war factories. 

Complete control wns imposed upon new 
manufactures, civil building was prohibited, many 
established mauiifacturics were cut down, and 
protected indiistries were combed for munpower, 
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Ah employment had to be nxorded through the 
Ek^partmrnt of Labour and National Service. 
By the end of 1942 the general effect was lo 
concentrate upon war needs 1.8 million out of the 
total noimal employment of only 2.4 million 
workers, and reduction of civil services became 
drastic. 

Price control had been tssiablished soon after 
the outbreak of war^ It was realized early that a 
curb upon mHatioii was necessary if the cost of 
the war were not to be increased by rifmg wages, 
causing or caused by increased cost of living. 
Wage control through the Arbitration Court, 
and price control through the Prices CornmlssLODcr 
were essential implements of war finance, since 
the budgetary^ problem of meeting steeply rising 
war expenditure depended upon effective use of 
credit and savings. 

In 1542 price control was exEended to enforce 
limitation of profits. The over-riding purpose 
w^as to drain off excess puichasing power lo mccE 
the needs of the Treasury. To cope with the 
national emergency^ taxation., loans, and credit 
expamsEon were alt used to the full; investmeni 
was rigidly controlled through the Capitol 
Issues Boa^ and State loans for public works 
were drastically reduced. Income taxation 
increa.sed rapidly, and a general tightening up of 
all ftnandfll transactiotis took place. The chang¬ 
ing budgetary stiucium is shown bdow:— 
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AUSTRALIAN PRODUCTION 


So great was Lhc aocd for conserving aJI avail¬ 
able supplies that the Government organized 
rn a Rationing Commission, and embarked 
upon an austerity campaign. Price control and 
rationing went hand in hand, and the apportion-*- 
menl of short supplies was necessary for the 
maintenance of civilian morale. Price control 
and rationing were ootstandingiy snccessfut, and 
the community beha^ned wry well in the face of 
considerable restriction. 

The third phase completed the transfer of ah 
available resources to war purposes. This was 
the peak of the war ctldrt for munitions and 
cquipmcnlf but the emphasis was now rapidly 
chan^ng; because supply for allied forces in the 
South-west Pacific called for the creation of 
stocks and for a rebalancing of rural and in¬ 
dustrial productioRH The defence situaiion was 
already easing by the middle of 1943; and, under 
the stimulus of Coramonwcallh control^ Stale 
AgriculturaJ Departments set about the problem 
of securing greater food production. The order 
of urgency is shown by the fact that llie area of 
vegetable production was doubled irj the 1943-44 
season, and ihai in every of primary' pro¬ 
duction pressure was applied to increase output. 

The chief inicrcst of the Federal Government 
was still the financLal aspect of the war. Monetary 
policy had to be firmly handled to prevent in- 


fiaiioo and lo maintain the production of essential 
commodities such as coal. Efficient price conlriol 
and financial policy were basicalJy necessary for 
this reorganizatjon [ and^ in order to stimulate 
production and stabilize the wngc-price structurie* 
the policy of allowing prices to follow costs wa-S 
changed in April, 1943, to u policy of fi^ed 
price ceilings. This was done by providing sub¬ 
sidies out of consolidaifid revenue to compensate 
producers for rising costs in essential industrica. 

During all this period the War Organization 
of Industry had continued to widen and deepen 
its control. About 30Q new^ essential industries 
had been approved, all the “trimmings** had 
been taken out of living, the total working 
population had risen by 620,000since the outbreak 
of war, and no further economies in dvitiani 
consumption seemed feasible. 

At the begiiuiirtg of the war rural production 
had been stabilized by the Imperial Purchases 
Schemes under which Gieai Britain acquired all 
rural products, e^icept wheat and sugar. The 
schemes were on the whole successfnL but the 
changing emphasis of global war needs was 
Tcsponsible for a considerable amount of contra- 
dictory dirtclion and subsequent to® of 
efficiency* 

Australians war production is summed up in 
the following figures 
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The Letiil-Lcase Agreement between Australia 
and the United States was signed in September^ 
1942, At September 10, ]^M4, Auslraliad 
Reciprocal Lend-Lease aid to the United States 
totalled £198+000,000. Estimated aid to United 
Siaics Forces in the Pactlk in 1944-45^ 
£J 10,ODO,(XJ0, represents 22 per cent, of Australians 
anticipated war expenditure iri the curtctii 
hnanciaJ year. In addition, Austrdlia will be 
required to provide services and suppLes to the 
Hritish Pacific Fket caiimaied ai £21,156.000. 

Austrafian aid to the United Slates also 
included transport and comTnnnications faciJitjes 
and a wide range of works. Main items supplied 
to the United Suites were ;— 


FOOD 

Meat, fresh and canned 
Breads blsciiita+ and cereals 
eluding flour) 

Pntatoei 

Fruit and vegetables 

Canned goods (jtim, fruit juice, 

Butter 

BuitcT substituies .. 

Sugar 

Milk, procei^d 
Milk^rhish .. 

Eeas .. 


117,000 iQHs 

fin- 

163,000 
60,000 „ 
164,000 „ 
fee.) 60,000 „ 

J 1.000 „ 
U.300 ^ 
4B.OOO „ 
30,000 

. . 6,460,000 galls. 

., 40,000,000 dmren 

CLOTHING 


Bools 

Blankets 

Sweoien 

Shirts 

Underwear 


5ocks 


,. 1,700,000 pain 

.. 1,800,000 No. 

.. 261,000 „ 

646,000 „ 
463,000 ., 

, - 8,7£MLOOO pairs 


There Is little that need be added to this factual 


record of war-time prmlucLiun save some 
rtjiDctions upon the mistakes made and the 
lessons to be learned from this forced experiment 
in planned prodLiction. The mislaJ^es have been 
errors of prcdlcllDn, caused by chnn^is in 
demand due to high policy and therefore not 
culpable; errors of Jutlgmcnt, that is, lack of 
knowledge in departments concerning essential 
facts; errors of perfvonnel and of administratian 
caused by departmental n-lueiancc to admit that 
jobs mighi be belter done by other departments, 
other persons, or other me^odls. In produemg 
goods and services old prejudices has'e been loo 
prominent; new ideas, speed of movcmcni+ 
adaptabiJlty, nadonal outltxjk Etil loo frequently 
lacking. 

To say that, however, is merely to note that 
" there has been a war on.“ It is hard to see 
how this sort of thing can be avoided. The 
farmer the bureaucrat, il^ politician 

his electors—all arc ndaLions of war- 
Lime weakness. Even more costly has been the 
w^aste caused by the time-lag in shutting off pro¬ 
grammes which have achies'cd, or have failed to 
acihiEve, their objoctivc. Wooden ships that 

won't dehydrated products that Service 
men wonT cat, deigns that never get into pro- 
duction+ ty-pes that are bom obsolete^but why 
prolong the hateful^ vaporous and foggy night ” 
of a taxpayer's grievances? Australia did no 
worse perha[^ in total production than others; 
she might, perchaneTc+ with more sceptical and 
more ruthless scrutiny by more experts more 
CDnlinuoiisly have produced more or wasted 
less^ but “ things like that we know mast be 
with any fanaoiis victory," 



A scene at a ^ltt^^B^^ut whart at 
a shipyaid at Wbyalla, Soath 
AusOtilia, A partially completed 
ship is sccD on a sltpw^ in tbe 
background. 






SlfieLp]4iteiS for ihi^ 
buildlng^ being 
jTtovDd by an eleclrie 
mq^cl at a tieet 
plain in Jndm, Stc^l 
prodULidDQ has been 
raised con&iderabEy. 
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INDIA AS PRODUCER OE 
MUNITIONS 

T he story of Indian war productipii is a 
complex one of IndListrial deveTopmenL over 
a very wide? fietd from begnmint^ that 
amounicd to very Utilc cither in the way of pro¬ 
ductive capadty for the needs of modem armies 
Of oj^anization for supply. In the ycat of the 
outbreak of war contracts for military stores 
placed by the then supply agencies amounted to 
] 1.4 crores of rupees. In 1^41-43 the value of the 
conliacLs placed by the Supply Departmedt was 
2613 crores and indents vicre being accepted for 
the supply from indigenous sources of 20,000 
odd articles that had not been uiaxiufucrturcd in 
India before the war. 

In 1939 Indians assets for the production of 
mimitions and engineering stores were a young 
but fiouiishing steel industry, a few GovemmEnt 
ordnance factories, some 600 trade and railway 
engineering workshops, and excellent facilities 
for fabricated sicel works. The more obvious 
weaknesses were that India had no non-ferrous 
metah industry^ no general engineering work- 
shop-s equipped and staffed for mass production^ 
and no regnlar machine-iools industry. Added to 
ihfsc dclkicncies w^as the dearth of Lcdinicianfi and 
supemsory staffs, which^ although some 50,000 men 
were trained during the war for munitions workj 
remained a serious limiting factor throughout. 

By the end of the war the number of ordiumcc 
factories had been triplcicL Their crew's numbered 
100,000, as against 15,000 before the war, 'Hie 
nurnber of engineering shops used by the Direeior- 
Gtneial of Munitions 'Prudiiction was 1+500. 
A ndn-fciTous metals industry has been estab¬ 
lished and includes in its achievemenLi complex 


aJuruinium alloy forgings for aircraft engmes. 
Miidiinc loolsi of which before the war fewer than 
100 were turned out armually, am now being 
produced ai the rate of 350 to 400 rnonthly. Steel 
production has been raised from 750,000 tons 
annually to over 1,000,000 and the industry has 
seen important new de^'elopments. India during 
the war has become a pr<xiucer for the first time 
of alloy steelst high carbon tool sieel, high-speed 
and stainless steels, special steels for the Royal 
Air Force, bullet-proof plate, and feirDslticon. 

That does not end the story. Indiap which 
before the war bu ilt only coasting cmfL has to-day 
a shipbuilding industry with a Jabour force of 
50,000 that since 1942 has been building ships 
ranging liom steel minesweepers, anti-subniartne 
patrol boats, and assault craft to l6fL dinghi^ 
Repairs, many of them of a size never berore 
attempted in India, have been made to 4,600 
freighters and inkers (30,000+CXX) tons of 
shipping) and to naval vessels. A floating dock 
—one of the largest in the world—has been built 
for the Admiralt)' and another is incunstructiort. 
The presence of the Royal Air Force in India 
has resulted in the repair and maintenance of 
aircraft engines and other components becoming 
a suhsEantiul new industr>' and has promoted 
many new lines in manufacture. Indents from 
the RA,F. for 13+270 different items were 
accepted by the Supply l>epartniciit in 1943. 

Other achievements include die estabELshmcni 
of a chemicals indir^ry. Soda aslu caustic soda, 
bleaching powder, and many other important 
chemicals which ^fore the war were produced 
in very small volume or not at all are now in 
substantial production. About 400 drugs and 
medicines which used to be imported are to-day 
being produjced locally. With the help of iend- 
ieasc equipment from the United States Lniiia 
made the United Nations' entire requiRments in 
strychnuie, caffeLo, and santooirL A substitute 
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for quinine was manufacttired frorn pyrethrum 
Elow'ers and agar produced from [ndian seaweed:^, 
Penic£l[in has been produced on an frxpcrifncntal 
scak. The cutlers of SiaJkot, descendants of the 
swordmakers of old. were shown how to make 
surikal insiruments. They arc now tuming 
ihem out in excellent quality at the rate of 
30,000 a month. 

There was a very small and languishing silk 
industry in India before the war. Seed was flown 
from China and, with difficulty', die ryots were 
persuaded to cultivate therri at a time w^en food 
was short. Filatures were built in India froiH 
specimens of French machcoery and old boilers: 
were adapted. Thene w^ere teething troubles, but 
in the end silk parachutes as good as any were 
produced, Indians cotton pamchutes. of which 
a tjuitrtcr of a million were manufactured monthly^ 
were praised by the Americin Air Force as the 
hesst they had- India evolved its own formula 
for anti-gas fabric, as also for an aeroplane dope 
which was made chiedy out of old cinematograph 
films. 

Oxygen w as made for aircmH: fiying over I he 
“ Hump to China, and a pure spirit for de-icing. 
India's 70-ycar-oId industry was the United 
Nations" largest supplier of the indispensable 
mica. The demand was so urgent that mica— 
as many an intending passenger knows to his 
cost—had a high priority by aJr. Last, but not 
least^—although this survey does not pretend to 
be exhaustive—India turned each year 16,000 to 
IB,000 tons of home-grown rubber into ground 
sheets* tyres for aircraft and road vehicles and 
other equipment for the United Nations' armies. 

The production of weapons and munitions was 
the function of the Government ordnance fac- 
torieSj supplemented mainly by the railway work¬ 
shops. The factories w^crc modernized and ex¬ 
panded, and new ones were built to enable India 
to turn out field gun, howitzer, ami-tank and 
anti-aircrafL gun parts, machinc-gims* mines, 
bombs, depth charges^ hinoculais:, stereoscopes^ 
telescopes, and fire control instruments. A new 
factory was estabL'shed for the manufacture of 
high cxplcjsivcs and subsidiaiy' plant for the 
production of toluene. The output of rifles was 
increased tenfold, light rmchine-guns twelvefold* 
bayonets seventeenfold, small arms ammunition 
fourfoldr gun ammurution twenty-sevenfold, and 
guD-carriagEs ninefold. The vastly increased rale 
of ammunition output was maintained in spile 
of the introduction of ocw lypes^ which involved 
a compkiG change of production merhods and 
filling technique, 
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Alongside this wxnt the niobili ration of 
existing civilian jndusuy for the equipment of 
the forces. The Supply Department until this 
year took the entire output of the w'ootien. steel, 
and cement industries, almost the whole of the 
leather mdustty's output, and at one time 35 per 
cent, of the production of the cotton textiles 
industry'. At one stage of the war India was 
almost wholly responsible for the supply of bulk 
stores to the Middle East. fndLan-made pipelines 
carried waler tp the Army bi the i,ibyan desert, 
Indian rohiog-stock, tracks and equipment made 
the desert railway, Indian paints and hemp nets 
camouflaged the guns at El Ala mein. Ninety 
per cent, of the tents, canviis and ground sheets 
used in the desert came from India. The troops 
wore clothes made in India, to a lesser extent 
walked in Indian bcMJts, aie fexyd of which a 
large proportion came in dehydrated form from 
India, and received from India immense qujin- 
titles of their medical stores and comforts. 
Apart from the value of the stores, use of the 
shorter supply route from India to the Middle 
East meant substarttial economy in United 
Nations shipping. 

The organizELrion of India's war prcxluction 
was the work of the Supply Department of the 
Government of India. This Department was 
formed at the ouibmak of war as the secretariat 
of a War Supply Board, which was a coimiuttte 
of secretaries of I>epartrnents. The executive 
of the Supply Department was the Directorate- 
Genera] of Supply, which look over all peace- 
lime purchasing agencies and the onJnarbLx 
factories. Later the War Supply Board was 
replaced by the War Rcsoiirees Committee of 
the Governor-General's Execuiave Cotincif which 
may be described as a policy committee at the 
Ministerial levnL 

Then^ as work became heavier^ the Directorate- 
General of Supply 5:hunted off the production of 
munitions and the control of heavy engineer!og 
to a DireetDr-GeneraJ of Munitions Prodiictiotl 
in Calcutta. Later a Directorate-General of 
Shipbuilding and Repairs was formed, and in 
October, 1943. a Directoratcr-GcnEral of ALTCrdflt 
the function of which was to took after the 
R.A.F. in India by the purchase and manufacture 
of parts and the repair andmamtcnajice of aircraft. 

Under the directors-general planning, produc¬ 
tion, and purchase proceeded in parallel. To the 
purchasing sections were attached technical 
directorates which attended to the expansion 
and diversion of existing Industrial facIUdes and 
the establishment of new factories. Honorary 
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advisers or panets of advi&crs from private 
industry and transport gave invaluable assistance. 
Until the spring of 1941 the purchasing sections 
used the peace-time method of competitive 
icndertng. As defence demands absorbed more 
and mon: of the industrial capacity competition 
disappeoned and the method was adopted of 
negotiating with industry after ascertaining the 
costs and profits margin. 

The third phasc^ after Japiin^s entry into the 
watn was that of control. The majiufacturing 
capacity of the South-east Asia countries, which 
for war supply purposes had been coordinated 
with Indians under the Easiem Group CouiKil^ 
disappeared. By this time, too, the civilian 
markets of India were denuded of stocks. Food 
for the civilian population was threatening to 
become short and prices of other ncocssities, ntere 
particularly textiles, were soaring. It was now a 
case of making allocations 8s bettveen essential 
defence and essential civilian needs and the 
con[rolling and rationing of distribution. 

This situation led to the establishment in the 
autumn of 1942 of a M:panne Food Department 
of the Government of India. Later a Department 
of Industries and Civil Supplies was formed [O 
take over rcsponsibiltiy for cotton textiles and the 


supply of dvtlian consumer goods generally. 
The undeveloped character of India’s economy 
was a great impediment to the effective working 
of the Departments' controls ; but along with the 
financial measures of the Government of India 
these has-c assisted to keep price levels rcasonabiy 
stable for the past two years. 

Upon the basis of their experience in this war 
the Supply Department regret that moix ihoughl 
was not given in advance to the capacity of vital 
services such as transport aod coal in relation 
to expanding industry. Bothu particularly in the 
fourth and fifth years of the war, were serious 
bottlenecks. Another handicap was that, 
although before the w'ar the pOEential capacity 
of existing indusiries w^as koovra, the Depart- 
ment had no aecuraEe indication of the demands 
likely to be made on them or the pace of develop¬ 
ment that would be necessary^ to meet the require¬ 
ments of the defence forces. It was accordingly 
difficuk to keep production ahead of recruitment 
and training. The defence preparedness of a 
country in time of peace should, in the 13epart- 
ment^s view, include a complete plan of produc¬ 
tion which can he put into operation ns soon as 
war breaks out. 



^ photosraph tuteii in a railw^ay wprkihop In India where plant was in^mlled for dte prnduclion of munjiio-Eis. It shows 
one of Ibc nmctfSMS in she mnnurui-ture of shells. Surne l ,SOO engineering shops, ap^iri irum oriinauLze faetofses, were 
used by the ilinKtor-Generiil of Munitions PfMucliou in tiidia. 
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NEW ZEALAND 
RESOURCES 

T he stojy of >3cw Zealand's war producticm 
tetls of the re-birth of pioneer resource- 
fiibess. Save for her land products the 
Dominion in 19J9 had Litk of the equipment for 
total war. She lacked, too, most of ihc materials 
and industries needful to produce equipmeUL. 
But necessity—to furnish the means for home 
defence, and to equip an Expeditionary^ Force- 
spurred her people to rediscover the genius of 
their forefatherB for building what they-^ nDeded 
from me materials they had. 

Stiudng without indigenons meials, heavy 
industry or physical Laboratory^ the country^ 
afier five years, was suppEyin^ many of her own 
needs, and filled gaps for the Bastern Group 
Supply Council aitd the Pacific fighting forces; 
the total achievemeut is small by ooinparison 
with industrialized Britain, but for New Zealand 
it is much from tittle. 

What was dottfr, moreover, was without 
diminution of those war supplies that the country 
could so wdJ fumish—foodstuifs, wool and wool 
products, a creditable achievement, for the 
Dominion early faced two fanning problems— 
man-power shortage and scarcity of rerdlizers. 
Measures were taken lo meet the new dffikulties ; 
rationing of fertilizer, use of substitutes, recniit- 


munt of laud girls, cooperative mechanization of 
farms, so far as this was possible. When the 
immediate Japanese menace rcccdoi and New 
Zealand’s Third Division relumed from the 
Pacific Islands theatre, land labour was remforced, 
but there is stul much ground to be made up^ 
From the outbreak of war to the end of 1 ^ the 
prinetpai food supplies to Britain have been 

Mciil . . .. + + 1.654,500 tons 

Butter ., ,, +, 734,000 ions 

Cheese .. 63B,OOD tans 

Adjustments had lo be made from time to 
tunc to miKt Britain's most pressing needs. For 
example, in the 1941-42 season a subsEaiitial 
diversion was made (rum butter to cheese— 
diccsc production had been raised in the previous 
sea_son by 3S,000 tons—and in the following 
season a return lo butter was required. Sub- 
sUitiiially increased quantities of dried milk were 
also sent. Agaiu a request was made for the 
production of linen flax, a crop not previously 
grown in New Zealand^ uJid over several years 
20^000 acres of high-grade fibre have been 
harv'ested and processed with equipment made 
locally. 

Amciicm forces came to the South 
Pacific new food demands had to be met. Meat, 
buuert meat and vegetable rations, service 
biscuits, apples, and potatoes were furnished in 
huge quantities. Arrangements were made, by 
contract with market ^tdenerB^ and the establish¬ 
ment of Slate vegcLabk farms, to supply fresh 
vegetables. Dehydrating plants were also set up, 
and thousands of tons of ihe dried and fresh 
produce were shipped lo the island war theatres. 
For example^ within four days of ihe American 
lauding on Okinawa the invading forces had 
fresh ^ egeiables from New ZcalandH The principal 



PnepariJig cabbage? for the use of 
the forces at an Intcnjai Market¬ 
ing DfpartiueEiE Centre in Auck¬ 
land, New Zealand. Thousands 
of tons of dried and fresh pro¬ 
duct were sent to the dUTtreni 
war tbeatrei. 
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food supplies the Artierican forces (to April 30, 
J945I Were :—Meat, ] 32^300 tons ; bultcr, 16,924 
loiLs ’ cheese, 5,65S tons ; c^ned and dehydrated 
veijetables, 15,783 tons ■ fjresh vegetables, 78,202 
tons. Fresh fruits^ dried tnilk products, bacon 
and ham, and other foods were supplied in 
quantities that often meant shortages for the 
DomiJiioJi- 

Rationing wiis applied to augment exportable 
surpluses. Rationing amid plenty is not easy, 
but with the slogan " More for Britain" the 
response was splirndJiL New Zealanders Mere 
probably the biggest meat and butter catcis and 
sugar-users in the world, and the rations, though 
apparently gcDcrous, represented a really severe 
cut. Clothing has been mtioned moderately, 
but market shortages often intensified the ration 
scale. This has applied also to many uniationed 
food hnes—tinned fruits, fish, and so on— 
unraiioned only because there was usually none 
lo ration. 

One of the greateat achievements in war pro¬ 
duction vvas that of the woollen manufacturers 
and clothing and boot-making trades. They 
equipped the New Zealand Divisions, Air Force 
and Na’iiTiJ men, also the women's services, and 
supplied in addition substantial quantities of 
goods for allied nations. New Zealand battle- 
dress has been pronounced one of the besi-w'eadng 
imifomis in the world and manufacturcri quote 
with pride that Field-Marshal Montgomerys has 
worn it^ Clothing has been sent to Allied forces 
in ladia^ the United Kingdom, and other coun¬ 
tries. The yearly output of these industries was 
almost doubled during the period by caliing 
back married and retired workers and installing 
locally made machines, [n boots and shoes a 
50 per cent, increase m production has given the 
Dominion sufTicient for her own troops and also 
over £ltOOO,(XX) worth sent to the Eastern Group. 
Output figures for the ser^^lces includeBoots 
and shoes, over 3,000,000 paira; jackets, troa.-5ers, 
and greatcoats^ over 3^00,000 garments; 
blankets. 900,000 pairs. 

Most dlOicult was the establisltment of arms 
and munitions manufacture. New Zealand had 
an ciRcient small arms atnmunilion plant (since 
duplicated and responsible for the production of 
about 250,000,000 rounds) but she had liulc else. 
Mr. Sullivan, Minister of Supply and Munitions, 
went to Aiistiiilia to see what could be bought or 
borrowed there. He fou n d A ustralia most willing 
to help, but with an even more urgent need of 
her own to meet. We mu.st sec whai we can 
make for ourseJvcs/' he said. 


The resources of railway workshops, motor 
assembly plantSp and other engineering works 
were surveyed. Thn country^ was combed for 
lathes and odd bits of plant. Then, a stock of 
gauges having been built up, a system of pre¬ 
cision measurement wa.s designed to bring into 
Uie task small workshops, motor re;pair shops, 
and other plants throughout New^ Zealandp some 
even in the foaihills of the Southern Alps. 
Gnenatfes, fuses, and mortar bombs w^ere made in 
this way. Small shops divided the task of making 
[he hundreds of parts for assembly at central 
plants. 

Machinery had to be adapted or improvised * 
maicrial diverted from other uses, or obtained 
hoin scrap. It was really heating ploughshaics 
inlo swords. Everybody helped, lewelEers and 
watchmakers and the university phj-sics labora¬ 
tories made fine instruments that could not be 
imported- Tckgraph dEpaitmcnl and radio 
mechanics designed a new type of field wireless 
set, to stand the shocks of wax use, and found it 
so highly csieuncd that an order come from India. 
Later the set wa^ to prove a model for an improved 
British design. 

When Admiral Halsey's ships came to the 
Pacific there was an urgent call for radar before 
It could be supplied from America. New 
Zealand supplied installaiions and technicians to 
be trained in their use. 

Again at the request of the Pacific forces Our 
chemists developed a flame-thrownig compound 
in substiiuUon for the service compound that 
could not be got quickly from America. 

The spirit was that of alw-a>'s being willing to 
n^'. Major-Cieneral Pakenham Walsh* Con¬ 
troller GEitcral of .Army Provisions in the Eastern 
Group Supply Council, sumrned it up in saying : 
“ We have turned to New Zealand when we have 
been in a really tight spot and ^he has put up 
quite a nomble performance.^' New Zealand even 
helped fin a gap revealed by the Ardennoii push— 

shonage of shell fuses. 

Difikailti^ were many and varied. When 3Ln.^ 
mortars were first made material could not be 
procured from oversea. Worn axles from loco¬ 
motives were ir^tctL turned and bored^ and 
passed all tests. Somstimes blue-prints could not 
be obtained. Whlie waiting for drawings and 
specifications pf universal camera and Bren gun 
carrierSp the Munitions Depanment secured an 
old carrier and the engineer made their own 
drawing.s_ The proprietor of one remoie garage 
workshop thought he w^ouid be late with his 
quota of mortar barrels because a tnUMng machine 
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could not be obtnirLecL in time. He designed and 
made the machine htniMlf. 

Sonic of the Dominioo^s pmduci^ hav-e been :— 

Over 5,000,000 grenades, 1,000.000 shell fuses, 
and some thousands of trench mortars; 1,000,000 
mortar bombs, also tmi%'ersal and Bren gun 
carriers* Much of this has gone to the Eastern 
Group. As eacperience was gainedp workers 
trained, and machines and matenal obtained, 
bigger jobs were undertaken. Training aircraft 
have been built and efficient servidng shops set up. 

Beginning with ihc conversion of fashing 
trawlers and fem'-boats for mine-sw'eepiog. ^ip- 
building plant has been e?(panded to meet all 
repair needs and to supply Faiimik laotor-bDats 
and many nsefuJ smah crafl for the Pacific forces. 
New Zealand air ground staffs working with the 
Americans on island bases have won their highest 
praise. Nothmg was too badly smashed for the 
New Zealanders to repair, they sajd. That was 
the re^U of training in the early days when a 
plane, though it looked like a heap of junk was 
one of the few and must be kept in the air. 

In recent times New^ Zealand's role of handy¬ 
man In the South Ihicilic lias taken a wider form. 
Implements and titcnsLIs of all kinds wcie made 
to meet needs known or c.vprclcd as the iapanese 
were rolled back and liberated territories needed 
help in rehabilitation. 

All ibis has meant dlreCEion of the use of 
industry (and of labour also)* for ihe most part 
voluntarily accepted- Thus Ln various industries 
the percentage output for war has been:— 

Enginccrmis, *4 ^ sawmiJLipg, M; woollen malla, 
70 i doth ing. 75 ; cleciriE!Ht, a5 ; jr^to. *90, biscuits, £ l . 

It should be noted that before the war the full 
output of these industries supplied only part of 
the local civil demand. Now the civilians have 
had 10 to 30 per cent.—and fewer imports. 

From the war pmdiJctEon cxpcricDce New 
Zealand has learned one thing of great value: 
that her people have technical skill which, 
properly applied and dJrecicdH may coabk her to 
produce economically a variety of manufactured 
goods. Further, the cost Imndkap imposed by 
smal] establishments endeavouring to produce 
too many types of goods, or goods having too 
many componeni;s, can be overcome by speciali¬ 
zation in t^pcs, or, with predsion measurement, 
division nf production processes. 

In the war these principles w^ere applied under 
most favourable conditions. The Ministiy of 
Supply and Miinitious as a centre- guided and 
helped coordination and cooperation. Acting in 
close association with committees from the 
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s^ous industries^ iJic Minisiry was able to place 
contracts^ to obtain the greatest output and the 
most econofnical use of manufacturiTig power. 
Kow' far this cxpcricnEc may be applied for peace 
production without destruction of eompciitive 
enterprise has yet to be discovered; but at least 
it may be stated that New Zealand has crowded 
into five years experience that she w^ould not have 
acquired in 10 years of peace. 

63 

SOUTH AFRICAN 
SUPPLIES 

S OUTH AFRICANS w^ar produLction, which 
at two stages of the war contribuied sub¬ 
stantially to viciory, wm made possible by 
the fillip tn local industries given by the war of 
191-1-lB, During that war* cut off from oversea 
supplier, our numbers of factories and operatives 
nearly doubled themselves. The fnllDWmg table 


tells the story''— 


Year 

No. of ■ 
Fasrtories 

1 No. of Employees 

EurDpean 

Other 

3919-20 

i,99S 1 

6,890 1 

19,324 

1 62,463 

61.654 

113,037 


fTberc an? so leliabk siamtica for tiw ye-Ms befbfe 

1915-16^ the South A/Hcan ladustrial Census having 
been establisJied only in 1917.) 

ThEit modest spurl was fodowed by a tuodesl 
but cotisisLoit advance until the beginning of the 
thirties, when the South African Iron and Steel 
Corporation (Iscor) began serious production. 
Iscor, wiiich would have been impossibEe without 
the encoumeement given to South African enter¬ 
prise by the war of 1914-18^ w-as the fouodatian 
of IhE Union's production in the war+ ft has 
three blast furnaces in operation, smelting half 
a million tons of South African ore a year : and 
with its ancillaiy' works it has turned, during the 
past five years, to the production of special steels 
which would have bo^ far beyond its ambition 
Ln normal times. 

With ihis firm basb^ South AJrJca w^as able 
gradually to build up a production of gunSp shetls. 
bombs, and engineering cotuportemls whidi, 
although light by Eumpean and American 
standiirds, was a godsend to allied commanders in 
the Middle East and Burma because of its 
accessibility. 
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Soiilh Africa cantributed very bcavBy towards 
the aiming of her own troops in North Africii 
and ihe Western Desert tiironfh her production 
of (wo-puunikr—iind later sot-potmder—anli- 
timk guns, howitziers, armoured Qghting vehicles 
{on imported chassis), mortars and mortar bombs, 
acriaJ bombsp and ainmuTiiiiOTL Towards the end 
of 1941^ when things wcie decidedly “ sticky in 
the Westero ESesert, a speeiaJ appeaJ was made to 
South Africa for mechanics to repair tanks, and 
the required number was sent off within 4^ hoars. 
Later the Union itself became the rep^air shop of 
the Middle Last, turning out big stocks of spare 
parts for vehicles, tanks, guns, and pianes, and 
undertaking emergency lepairs on small but 
important parts down from Eg>T>l. These pro¬ 
ductions and repairs helped to ease tbs strain on 
allied shippings which until I he fall of Tunisia w'as 
forced to use the Cape route. Throughout that 
period repairs were constantly being made lo 
allied ships in South African ports. It was 
recently disclosed that more than 12,C10D ships 
received minor or major repairs here:. 

Ijiter, when the restored freedom of the 
MediterTanean reduced the iniportance to the 
Middle hast of South African production, it was 
possible to supplement the produmion of Indian 
factories to the eventual discomfiturp of the 
Japanese in Burma. In 1944 South Africa 
was asked to Supply howitzers and mortars, 
with ammuiutioiL to the Fridian theatre, as 
wen BS large quantities of 25-pounder am¬ 


munition. These supplies, at a time when 
Brimin's domestic produaion was needed iu 
Europe, and Australian in the Sotilh-West Pacific, 
were a usefuJ contribution io the Fourteenth 
Army's equipmenL 

According to the latest figures, issued towards 
the old of 1944, the Union's war defiverics had 
induded more than 50,{XXI tons of shells and shell- 
cases, more than 28,000 ions of mortar bombs^ 
grenades^ and land-mines, atmost 20.000 tons of 
small arms arnmuiiiiiunH more than 7U,000 tons 
of high-esplosive bombs (inciuding 1,000- 
potjnders), more than 6,000,000 pairs of Army 
boots, more than 4,5f>DJ)00 blankets, and more 
than 14,000.000 items of personal equipment 
and clotbmg. The output of expLosi^'cs w-as 
one of South Africa's best achievements."' 

This achievement was made possible by the 
centralization of Orders for war supplies in the 
hands of the Director of War Supples, Dr. H. J. 
van dcr Bui head of Isoor, His office coordinated 
both requisitioning and the dispersal of pfoduc- 
tion throughout the many small factories la ihe 
country. South Africa had little e?tperiencc in 
arms productian at the outbreak of war, and had 
to use talent w^hcre she could find it. Iscorr the 
South African Railways vvork^ops^ and the 
workshops of the goldmines provided a founda' 
lion for the heavier work, but small pans were 
made w henever there were machines; cjid where 
there were no machines They had to be improvised. 
Fortunately, South African engineers displayed 


Women ssscTnbling Jiaod 
gpcnodcs in a Soalh African 
factory. The oarpui of explo¬ 
sive* w as one of ifcw Union's Tnost 
useful contributions to the war 
effafu 
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a al improvisaticni which surprised iticffl' 

selves as much as it served the countiy. 

Coardinatjon of pnodiictipTi was assisted by a 
control of man-power so rigid that ii umounted 
almost to the conscription of bbour, Antsans 
could be ordered to work at specified jobs, and 
could noi change their employment without leave 
from the ConiroUcr of Man-power. Shortage of 
skilled labour was made up by the employment 
of women and by the rapid training of young 
men both for industrial work and for the army 
technical services. This training has proved one 
of the most valuable lessons of ihe mdustiial emer¬ 
gency caused by the war. It has shown that 
suitable young men can be trained to reasonably 
high efficiency in a few months in trades where 
the normal apprenticeship period runs into 
This system will be continued in the 
Govemmenf 5 present drive to repair the cmititry ''5 
desperate shortage of housing. Whether it will 
survive in other trades, or in the building trade 
survive the housing cmerBiency^ it is impossible 
to predict. The trade unions have a strong vested 
inEcrest in the apprenticeship syslem. 

Owing to the pollllcal divisions of the country, 
as well as the presence of several millions of 
Africans, most of them illiterate, there was little 
direct rdtionlng, Peirol, tyres, and motor 
vehicles were rationed directly. Raw materials 
were rigidly controlled- Foods like butser and 
tea were bulk rationed by the device of allowing 
tradesmen varying quotas of Ehcir average pre-war 
sales. New electric refrigeratorss stoves, garden 
hose, and so on were unobtainable. OothJng* 
was unratJoned but dear. The Government has 
consistently declared that the benefits of rationing 
food and clothes would be offset by the difficul¬ 
ties created by our mixed populatjon. 

Now that the worst of the emergency' is over 
South Africa is salislied that her engineers and 
factories have performed a miracle of production. 
Some of this production would have been un¬ 
economic in normal times, but skills have been 
leamt and ambitions created which will result 
in the maintenanci: of a high level of production 
in the future. But this development should not 
impair the prospects of British exports to the 
Union. Increased South African production 
after the war of 1914-1E w'as accompanied by 
increased imports from Britain ; and the present 
hunger of the countty for eommodiiies of all 
kinds, whether produced locally or not, is such 
thaf for a time ai least persuasion will be an 
unnecessary' component of saksmanship. 
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NORTHERN IRELAND’S 
WAR EFFORT 

Northern Ireland's contribution to the war 
effort of Ehc United Kingdom comes under two 
main headings. The first was stmicglc. The 
denial of the naval bases in southern Ireland and 
Lough Swilly in Donegal wiis a crippling handi¬ 
cap to the forces engaged in keeping open the 
Atlantic routes, but Northern IrcEand prevented 
it from becoming disastrous, It bmme the 
advanced base covering the Weslem Approaches, 
but for which it is doubtful whether the enemy 
could not have made the Oyde and Mersey ports 
virtually unusable. 

The second contribution came from the basic 
industries of the country^ or ibcir developments 
under the stress of war ; agriculture, shipbuilding,, 
textiles (with their concomitant of shhWaking), 
rope, tobacco manufacture, and machinery. 
These industries are relatively few^ but specializa¬ 
tion made them among the most important of 
their kind. For Instance, the bulk of all the shirts 
worn in the services and by civilians came from 
round about Londonderry. Extraordinaiy adapt- 
atioiis were made in the linen miUSj which 
became the chief providers of teniage. The 
story could be greatly extended. 

Sir Basil BrcHZFke, Prime Minister of Northcni 
Ireland., gave details of the province's war effort 
in the House of Commons on July 24. ms. 
Figures he quoted included;—- 

AcRicuLTURf,—The proviciei: sent £^,000,000 wonh 
of fat sheep and cattle to Bzitain annually during the 
war and provided 20 per ■rant, of her homo produced 
eggs- 

SHiPBintnisG.—Belfast conMnicied 140 warships 
and 123 merchant vessels. The merchant shipping 
represented opproximacety &QO.0CIU tons, or tO per 
cent, of the total merchant budding of the UniEed 
Kingdom. 

ArmamekiS-—F or the Army, Northern Ireland 
produced nearly $00 tanks and over 500 guns, 14,000 
gun-bairela and other gun parts, 42,000 carbine 
machine-guiis, and approximalcly 75,000,000 shells. 

AtRCRAFT.—The p/dvince had censtmeted 1,500 
bEKtvy bombers aad cairied oat repofTs to appn^xi- 
malety 3,000 heavy, medium, and Light aircrafn 

TpmL£5.--OveT 2,000,000 yards of doth for the 
services bad been wp^en and g>er 30,000,000 shirts 
mada Belfast repeworks had produced 230,000 tons 
of rdpc, 500,000 camouflage and cargo nets, and 
tens gf tmIUons of yards cf twine and whipcord. 
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FOOD AND RAW 
MATERIALS FROM 
THE COLONIES 

^ I ■'HE British colonies are africultural com- 
I munities whose peace-time economy was 
^ based on the production of crops for the 
export mnrkct. The war thus exposed them to a 
double strain. The interruption of communica¬ 
tions and the shorta^ of shipping compel fed 
them to grow subsistence crops to replace food- 
sluT- previously impMuted ; and their export pro¬ 
duction wus resuicted or diverted to crops which 
had a value for war purposes, the new' and urgent 
demand leading sometimes to the intensification 
of previous agnculturat practice and som^imes 
to the deveJopment of fresh branches of culture. 

The far-reaching character of the! adjustments 
mvoJved is illustrated by the experience of 
Ceylon, After the Japanese conquest of Burma, 
Ceylon set out to make herself a.s independent as 
possible of rice imports. By August, 1943. 
450^CK}0 acres of land were brought under culti- 
vation^ priocipaily with rice—an expansion which 
involved irrigatioTi works on a large scale—and 
by 1944 there were three Government rice malls, 
the largest of which produced about 2^,000 
bushels a moDth By this effort Ceylon able 
to produce enough rice to meet half her normal 
domjstic rice requirements. Siipplcnicntary food- 


stulT production included the production of 
yams, cereals, beans, fruits, sug^r^ ginger^ chillies^ 
onions., and tumeric. Local fisheries were also 
developed. 

The principal Ceylonese export was tea, and 
after the loss of the Netherlands East Indies in 
1942 the whole of the colony^s exportable surplus 
was haught by the British Ministry of Food 
and aJlQcaied by the Combined Food Board, 
Af\er tea, coconuts were in peace-time the most 
important of Ceylon's agricultural products. 
The war brought developments of the processing 
Industries dependent upon this crop, such as 
copra, coconut oil, desiccated coconut^ and coir. 
Cinnamon and plumbago, being used In the 
manufacture of munitiDns^ were also in increased 
dernand, but the chief was an the island's 
rubber supplies which, after the fall of Malaya 
became of erucial importance to the United 
Nations. At the beginning of the war Ceylon 
was producing about 7 per cent, of the world's 
rubber. After Iht loss of the Far Ea.stem sources 
of rubber supplies to Japan every effort was 
made to increase production to ihe maximum^ to 
the e.xtent of " slaughter tapping "—tappirg ihc 
rubber trees so intensively as *o exhaust the trees 
within tw'o yeaF&. As a tku'i records in rubber 
production were achieved in i942 and 1943. 

All this c-xpansion of agi krtiltural activir es 
would in normal times have involved the im¬ 
portation of considerable quantities of agrlcul- 
turdJ machinery, bul wat conditions drove 
Ceylon back on her own potential resoinces and 
the w^r years consequently saw a notable develop¬ 
ment of secondary^ industries. A steel rolling 


ConlJes on a tea estate in Ceylon 
emptying their baskets of leavea 
after picking. The whole oT 
Ceylon’s cvportehle surplus of 
tea WM boveht hy the British 
M ini^liy oT Food and allocated 
hy the Combined Food BoartL 
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mil] was erected in 1941 at a coal of 270+000 
nipew to turn scrap m-etal into hoop iron, steel 
bars^ nuts^ bolts^ and rivets, A plywood faclorj^ 
LsiiiR locaJly made glue+ was opened in November^ 
1941^ Etnd in the foUowIdg year textile mills and 
a bleaching and dyeing works were started at 
Colombo to prewdnee war materials trom yam 
imported rrom India, Other local indnshies were 
established for ihc prodnetion of wallpaper and 
writing paper from the citroneda graiis which 
grows on the islaiiik for twine* eondensed milk, 
rubber and leather goods, cement, acetic acid, 
quinine, glass, pottcr^^ and china ware. The 
people of Ceylon even found plants from which 
to produce dyes to replace those previously 
imported Germany. 

in the West Indies the main objective was 
self-sufficiency in foodstutfs, and as the popu¬ 
lation of the West Indian Colonies is about 
3,000,000 aud the value of imported foodstuffs 
had exceeded £2 a head, success in their enter¬ 
prise notably eased the suain on the Empire^s 
shipping. The new sources of production called 
for a new marketing organization, which was 
rendered specially difficult in the larger colonics 
of British Guiana and Jamaica by the shortage 
of both petrol and vdiJcles and even in oil-rich 
Trinidad by the lack of tynes and spare parts. 
There was a good deal of local f]Hciion+ bin in the 
end the problem of distribution was resolutely 
attacked, 

la Jdinajcu the Department of Commerce and 
Industry, established in 1943, organized 130 
marketing depots all over the islauth operated a 
comineal factory' and controlled a cassava Hour 
milL Other processing activities, including the 
curing of local hams and bacon and the manu¬ 
facture of lime oil, offer new openings to labour 
in an island sulTcring from over^populaiion. 

Even mora signiticant for the future was the 
effort of the Caribbean colonies to supplement 
one another’s dclicrencies* maiuly through the 
operations of the sdiooDer-pooh thanks to which 
local scu'going transport was turned to the best 
account. 

British Guiana, the only Caribbean colony 
well suited to rice culture, set itself to extend pro¬ 
duction in order to replace some of the Former 
imports from Burma, It also aimed at meeting 
deficlenctes in meat supplies. Here as elsewhere 
the sugar estates were called upon to divert pan 
of their acreage to other food production, and 
responded by raising 6,000 pigs and fattening 
2,000 cattle besides planting 6^000 acius with 

200 


vegetables. The colony's area under food crops 
doubled between 1940 and 1943- 

JamaJea went rather farther. Its food acreage 
in the same three years rose from £0,000 to over 
200,000, and it was able to dispense with imports 
□f rice. The island contains good grazing 
ground^ ^d in a drive to raise the quality of 
livestock 42 centres were established to direct 
improv^ents in the breed of cattle, sheep, goats* 
and pigs. 

Grow More Food campaigns were started in 
most or the islands with seeds, and demoustm- 
tiems to back a vigdrous propaganda. In 
Barbados the acreage under sugar which was 
diverted to food production by official order 
gradually rose from 5 per cent, to 35 per cent, 
and smallholders were simiiaxly ordered to plant 
2> per cent, of their holdings with vegetables. 
The Government built and mn a factory' to 
manufacture cassava and sweet potato flour and 
the island was eventually able to substitute home¬ 
grown carbohydrates for its imports of rice. 
Trinidad set up a Food Control Department 
w^hich broke new ground by taking over aban¬ 
doned cocoa Lands near villages and cutting them 
up into allotmeDts i the oil companies helped by 
planting large vegetable gardens; and the small 
island of Tobago, which is governed from Trini¬ 
dads had mauaged by 1943 to double jt& food 
exports to its larger neighbour in spite of 
transport difficulties. 

Similar poLdes w'ere pursued in the smaller 
Islands, se^ernE of which also mereased their pro¬ 
duction of Sea Island cotton, used not only for 
clothing and equipment but as a stibstiTUte for 
silk in barrage balloons. British Honduras, 
British Guiana, and Trinidad tapped wild rubber 
and the two last colonies drew^ lavishly on their 
mineral ncsources, British Guiana on im bauxite 
and Trinidad on its oil. Since, in the earlier stages 
of the war, there was a considerable diversion of 
labour from agriculture to work on the new 
American bases, the total coDtributioi]+ direct and 
indirect, of the Caribbean colomes to the Empire's 
war effort was worthy of their ancient lo-yaltj-’. 
The same may be said of another island-colony* 
Mauritius, on the other side of the world. By 
1943 Mauritius had diverted over 34,000 acr<s 
from sugar to vcgeutbles, and was plaaniiig to be 
seJf-stifficieut in rice and tea and substantially to 
roduce its imports of Hour. 

The group of colonies in East, West and Central 
Africa provides some of the more romantic 
episodes of the war effon. Before 1939 little 


Inspecting of rubber 

cessed in a vitlagc fuctory in ihe 
Gold Coast. Afllcr tbe Japjnese 

oocupntinn of MiiJuykii gieai 
efroru were ittade lo orguni^e iha 
production of lubber in many 
parts of Alncit, 



rubber was produDcd id ATricn. Wild rubber 
was hardly toudied and in face of caoipcdtioii 
from MaJaya many planters bad turned their 
land over from rubber lo sisal. In IWl such 
experts Frcin Malaya os had escaped the Japanese 
invasion were sent lo African territories lo help 
oiganhce the coUeciion of rubber whenever it 
might be found- Native chiefs were enrolled to 
lend their aid and very large quautities were 
obtained. To get the necessary labour* re¬ 
cruiting campaigns were started and European 
supervi^rs trained unskilled labour in Tanganyilea 
at tapping schools which were organized for 
workers in various parts of the territory, fn the 
Gold Coast a school was established at Konongo 
at which young men were irained in the art of 
tapping and processing rubber. 

Schookhildren Lti the Gold Coast competed 
in rubber collection drives. One school collected 
more than 2001b, by tapping local trees, while 
another school processed the rubber thus cnllected. 
The Ministry^ of Supply sent a special message 
of thanks to Siena Leone for its work in ooJecting 
and shipping rubber during 1^, and Tanganyika 
Territory^ has the credit of discovering and utillz- 
jng unpacked mochincfy which the German 
planters had left some 30 years before. 

With campaigns being fought in malarial 
regions, the war agamsi the mosquito is as 
important as the w'ar against human enemies of 
the Empire, and for that war an es^sential insecti' 
cide !5 made from pjTethrum, a daisylike flow^er 
whose pink and red varieties adorn herbaceous 
bonders in Britain. Before the war^ Japan was 
the world's leading prodLiCCr of pyrethrum. 
Another importom source was the Caucasus, 
where the plantations were o^'emin by the 
Germans during their advance into Russia. 


Kenya filled the gap created in these two main 
sources of supply^ becoming the Linticd Nations^ 
principal supplier of this plant, Fi om 6,000 acres 
plant^ with pyrerJiriim in 1928, the area of 
cultivation was increased to 40,000 acres in 1943, 
and in August that year the United Kingdom 
Ministry" of Supply agreed to purchase up to the 
end of 1947 the produce of a maximum of 50,000 
acres. Kenya also supplied consignments of seed 
of the pyrethrum plant to a number nf allied and 
Empire countries, Russia^ Brazil, Indio, and 
Australia among them. .Another pestilential 
insecL the locust, as dangerous to vegetation as 
the mosquito ID man, was dealt with by a co¬ 
operative effort ED which both East and West 
African colonies took a part. By March. 1944, 
unti-ldCtLSl measures were in force on a scale 
never before attempted. 

Besides reducing their imports of food to a 
minlmimi ihe African Colonies contributed to 
the war effort many thousands of tons of rubber^ 
wheat, maize, tea, sugar, cotton, coffee, wool* 
ftax, copra, minerals, timber* paper, quinine, 
oil seeds, and hides. Our supplies of margarine, 
soap, Inbricams, and glycerine came very- largely 
from on intensification of production of palm 
oil, palm kernels, and ground nuts from West 
Africa. Iron ore from Sierra Leone, manganese 
and peroxide from the Gold Coast and tin from 
Nigeria all contributed to the allied victory in 
Europe as well as to victory over the Japanese. 
In addition to exporting coal to neighbouring 
territories Nigeria''s timber production, doubled 
since 1929p was used in the extensive building 
programme made necessary in. West Africa by 
the airivai of large military, naval and air forces- 
Cocoa from West Africa is now bemg ttsed to 
help feed libeiatcd Europe. 


ZOI 




Z<Z.A^ 


Pfckinfi pyrc^hrLim Elowefa ia 
Kenya Colony. Aft essential 
iii^|jd.de is otajde from tbem 
and large con!^ignmei]Ls of scctls 
were fitjpplieti by Kenya during 
the war. S^sanc the war Japan 
was ilie leading producer 


In East Africa ^ dehydlratioTi plants at 
Kemgoya and Karatina in Kenya employed 
5,000 Afiicnos. previously unskilled, who had 
been trained to handle complicated machinery^ 
and bought vc^tables from nearly 10^000 African 
ramiecSk many of whom had to be taught to 
cultivate unfamiliar plants, Kenya Introduced 
flax growing and had 32 processiDS factories in 
operation by the end of 1^40, Uganda helped to 
meet the needs of troops, prisoners of war, and 
mfugBcs by exporting mais, bananas, and live" 
stock to the neiE^bouiing colonic^ and received 
the thanks of the United States Board of Econti- 
mic Welfhm for its increased production of Lanta- 
lite and columbite. 

Tanganyika inoculated over 4,500^000 head of 
t:attle against rintkrpest, built up its total of 
livestock to ov'cr 6^000,000^ sold 100,000 head to 
a factory in Kenya which was supplying food to 
the fonces in ihc Middle East, and increased its 
export of tanned leather fGurtecnfold in four 
years. After the loss of the Philippines had 
deprived the Allies of manila hemp East Africa 
grew sisal for ropes and twines, parijcularly 
binder twine, and the Kenya and Uganda rail¬ 
ways gave further variety to the list of East 
African products by building lorries, ambulances, 
armoured cars, petrol tanks, and wagons, trench 
mortars, and land mines. 

Africa was an impartant source of metals. 
When the dmand was at its height the Northern 
Rhodesian mines worked a 24-hEiur day in order 
to meet copper requirements* The Gold Coast 


was given, and attained a Target of 1,000,000 tons 
of manganese for 1944^ as against 700,000 tons 
two years earlier^ and in the same year was called 
on to produce 400,000 tons of bauxite, as against 
ISO,000 tons in 1943 and 70,000 in 1942, In the 
previous year deposits of bauxite were opened 
up at a site 60 miles hromthc railhead at Dirnkwa, 
which is itself 120 miles from the port of TakoradL 
E^oduednn and transport involved the building 
of roads^ railways, bridges, viaducts, and the 
cuttiug of roadways through the bush before 
complete surv^^s could be madc^ and the extensive 
development of port installatiuiis and dumping 
sstesp It meant also the scouring of West Africa 
for mining and excavating equipmenc, rolling 
stock of all kinds and, of course^ the enrolment 
of a great volume of African labour. 

When demand began to exceed the capjci*/ 
of transport from the first mlnc^ a second niEtiep 
capable of producing half of the total required Tor 
I944jWas opened at a pomt three miles Irom the 
Accra-Kumasi railway, to which the malcrial 
was conveyed by ropeway* By such imagioaCLve 
improvisadoas as these the war was won. 

The production of ftnished goods was natumlly 
on a more limited scale. In the earlier phase of 
the war a Ministry of Supply mission had found 
in Hong-kong capacity for the manufacture of 
heavy pressed, minesweepers, Diesel truck engines, 
scientific irtstrumerils, hospital equipment, 
optical glass to a total of 4,000 binoculars 
a month, telephone sets, and barbed wire^ The 
tragic loss of the colony cut off these important 
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FOOD AND RAW MATERIALS FROM Till’ COtONtES 


supplies. aJid in the later stages of the war 
Palestine came into the foregrDiJiid for the output 
of indii-stnal products. In the three years I9S&- 
1942 the number of industrijil cstablishiiiedts 
rose from 1^17 to 3,470. and the number of 
persons employed in them from 20,000 to nearly 
50^000. There was further expansion in sub¬ 
sequent years^ and the orders placed^ often 
running into hundreds of thousands of units, 
covered stoves, pumps, electric cable, glass 
insulators, uniforms, camouflage nets, tarpauUnSp 
tents, crockery, bottle, rness'^tins, bcxits, medical 
supplies^ concentrated fruit juices. Fertilizers, and 
chemicals. 

It must not be supposed that the varied 
activities of upst'ards of 50 Eerxitories, occupying 
one twenty-fourth of the earth's surface, will 


cease with the disappeararicc of the emergency 
which induced them. The war has laiscd the 
lev-el of prochjctivity in the Colonies and left 
them better equipped for progress in a world of 
expanding trade. While dimmishing their de¬ 
pendence on impiorted foodstuffs, it has mcreased 
ikeir exports, improv-ed their storage fadliiies and 
marketing organizations, and fostered serondary 
Industrie. It has taught the need for co- 
operation between the various departments con¬ 
cerned with aspects of agricultural life and of all 
those departments with the health and education 
authorities. Most significantly of all, it has led to 
the establishment in many ootonies of develop¬ 
ment and planning committees to which peace 
will bring new opportunities for furthering the 
public welfare. 


The mining of bauxilc in Bridib Guliina. The oucput of 
this mw ittaeerial foralurnininni w^as greatly increased during 
the war years. 
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A ll the precision ciaftsmansliip that vv^ent into the outpui of war equipment produced 
by the British Motor Industry will be reflected in the motor vchldes Britain 
Is planning to send to the markets of the wodd- 

The Edd^h Motor Industry is also building commetcial and passenger vehicles to meet the 
specLiliscd needs of opctatois overseas. Manufacturers who have solved the problem of 
tank and truck production during Evc-and-a-half years of wax have gained valuable 
experience which they intend to turn to peacetime account. 

In the sphere of motor boat production for sporting events and cruising the Industry again 
will be in tbe vanguard of progress, 

1HE MOTOR INDUSTRY OF GREAT BRITAIN 

MANUFACTURE • DISTRIBUTION • MAINTENANCE 
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^ BRITISH LOCOMOTIVES 



W. G. BAGNALL Ltd. STAFFORD 
ANDREW BARCLAY SONS St to. Ltd. KILMARNOCK 
BEYER PEACOCK St Co. Lid. MANCHESTER 
HUOSWELL CLARKE & Co. Ltd. LEEDS 
THE HUNSLET ENGINE Co. Ltd. LEEDS 
The NORTH BRITISH LOCOMOTIVE Co. Ltd. GLASGOW 
ROBERT STEPHENSON & HAWTHORNS Ltd. NeSf^tyn 
THE VULCAN FOUNDRY Ltd. NEWTON-L£-WILLOW$ 
i& THE YORKSHIRE ENGINE Co. Ltd. SHEFFIELD 




LOCOMOTIVE MANUFACTURERS’ ASSOCIATION 

82, VICTORIA STREET. LONDON, S.W.I 
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Future ot 


ALUMINIUM 


To meet the military requJrtfmciitfl ol the United Natfons^ the 
productive capacity" of the aluminiiim industn^ has bem expanded 
to many tiines its pre-war lend. Present capacity far bi exceaa 
of industrial demand in 193^^% Aliumnium Limited^ nevcrthelesSp 
believes that it wnuld be unjustUiable defeatkm to turn bock to 
the pre-vi'ar level of production and consumptiou. Insteadp arabitious 
plans and optimisni for the future appear justihed by the following 
cimimstances : 

'ITie advantages of aluminium are now rccogniEcd, as never befoto, 
in every industrial countiy^ 

ITie tcdinique of usinp alumiruum haa not only advanced rapidly^ 
but has become ^imiHar to metaj workers everywhere. 

New alloys of aluminium and new processes have been developed 
which make new properties available. 

The base price of aJuminiutu is lower than before the wsr. 

In the combination of improved quality^ lower cost, and familiarity 
is to be found the classic basis for sound expansion. It is such 
expansion which brings in its wake the enduring prosperity of a 
higher standard of living. 


Aluminium Limited 


DOMINION SQUARE EAST ■ MOxSTREAL • CANADA 
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From Wondcii y^’alls 
...to Ships of Step! 

T hroughDut h<Lr [Dbg biEtory Britain 
lia5 a]way» buUt the he^t Ahipjf, 
whether for peace or war^ In the 
days of lilliKabcth she made the 
woinicn wails of England^ to guard her and created the ehips lliat 

took her merchant aclveatnn<rET acro^d the seven freas. 

Aa the pioneer of the indiiEtrmI revolntioa, Britain led the way in the 
transition from sail to steam* and it waa in her shipyards that both the 
liner and the battleship were horn. 

In thr winning of two wars against the same relentless foe the Briti-ih 
Shiphtj f i ding Indu&trv^ has played a predominant part. Victory has again 
been won largely hy its great contrlhntlon in building and repairing under 
haiidieapsT nn the enemy^s doorstep, such as no other nation has endured 
and in the pooling of its unriveiled skill, knowledge and experience. 

firsl ami Foremost 

BIIITISH DUILT SHIPS 

In lc^linir«f prD^rn«—in deeu^n mnA mrLbp^ of 
prnduelina-—Brtinin i# fitill anpreiiK'^ and u |far 
fnturt tndu 4-f dkr dripnni^ olnpai loigc luf- 

imfllK of the ipiaUtv* dizrGikililT 

jprvfanxuvnR whatever th^lr purpoAr, |lip Briliili 
Shipbtiildii^ tqdvdrr u in tli^ lisdt pnHhIt4c 
poaitkon tb pravidf iknn. 


iiSUtD flr Tff£ CONFERENCE, 2/, f^LACE, LONDON* S.W./. 
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I N prdienjing thi'a brief aiocoiint of ihc part play-ed hy 
its 25,tKX) worker;^ The Englth fieizlri^ Cdmparty 
itribute to the nven and women who uicd its equip¬ 
ment and by wh-Ojie f un try on uciiv'c Mmcc on lamJ^ 

ai sea and in ihc air, ihe safety of at! at home wa„s 
assured 

To Jhc Army this Company supplied thonsancU of 
Tantsofthe - Covenantor/’ ’ Centaur/’ ’’CiomAeir and 
^Cornet " rypcs, ihe ^'Cromwclf" being ainong ihe first 
armour to emer Germany; searchlights^ soiuid locatoi^ 
and pmdicltjrs, DicieUlectrii: locomodve eqUJpmcnfj 
and Dicscl-elcetrik' iratLsportablc po^er stations on 
nJ]_ exijcks. 

hor Ihc Ro>iil Navy and the Mercliaiii Knvy the 
Company made electric proptddon and aaxiliniy equip- 
iTitot for sujiTiarhies, electrical eoLiipment for magiieiic 
and acoustic minesweepers, decide jgeneratofs for ships’ 
auxibafies and "de-i^uussing*^ equipment to ncutriise 
magrtcliu miiics^ rartg^firtding, fire uirec.ion andcomrol 
equipment for warships' gluts, aunilfary Diesel-cngincs 
and sieam turbines for all ebuses of ships, and millions 
of elecLnc fu^, 

ConimcncinB fn 1933 with the production of the 
^HampJen"^ twirt-engined aircral't, the Company has 
since delivered la the Koyal Air Force over 3,000 
BonTtvcra, neaily all of the “Halifax"* 4-erigiacd lype. 
Tens of thousands of precision aircraft insinimcnts and 
small electric muchinc^ for aiicraft radio hax^e aLio been 
supplied. 

[n additioit li> ihe foresoEng, the various fighting 
services have been supp ied wi.h terLs of thousandi of 
radio transformers, caihctde-my ignition lesicrs for 
internal combus ion etigincs and diecasi components in 
luiJlions for a variety of war equipment and weaports. 
Concurrently with direct war ^uppiea the Qimpany 
has cominued lu manufacture many of it$ normal pro¬ 
ducts vita] lo other war indusiries, including those of 
our ally Russia, such as genera ting plant for power 
^Esition$, eleotrical equipment for factories including 
fifty Royal Ordnance Factories, ibciu^ands of arc 
we'ding units principally fo-r i^hipbuilding and dynamo- 
mctci^ for lesiiiig nero engines. The domestic needs 
of 1 he community haxe also been met by the continued 
production of electric cooking and canteen equinTrenl. 

The experience acquired in covarlug ihU wide ^Id of 
war work^ rep rcsen ting £60,CX}D^{)00 ahovc i he norma I Limt- 
over and much of it tequiririg special lechrtjquc in 
design, manufaeluiirig mcthcids and treatment of mater¬ 
ials, will now be made available to the Empire and lo 
the world in terms of quality products. 

THE ENGLISH ELECTRIC COMPANY LTD. 
LONDON 

Wafk«: STAFFOftO - PHiSTpH ^ mUBY - BflADFOHD 
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The advenwement Fituti “Fertunc" rcprodupcd above is an Anwrican tribute to the sut^ess of the Mo^yito 
and ihe work of Eiitish research workers. In H.I.P, chemiits produted the fiist coJd-settiix^ gsp-hllmg, 
ft'atcr rcsishint Synthetic pesin—Bcstlc Cement A. It was this cement which nuidc possible tbe world'i ffts^esl 
bomber—a machine built of rean-borwled wood. Otie man fwj(h the vital formula) sent across the Adamic 
assured for the builders of the Canadian Mosquflo ah the supplies the^' needed of this essential adhesive^ 
and from a North American works. The familiar phiasc “ Mdsi^uild bombers wereo^tr Gemiajiy in strer^th 
last night ^ was true in more senses than one, as many other inda$tnes arc disco\’edn^ wheu the^^ ply 
Beetle Cem^is to their own tnaierial problems of bonding and binding. 


Tlir B.F.F. GtvOp 4 ^ompuiTl^ ^ve pf [ft 1926 tk^ pfi>iiiida2 iht WOfM^i Jirrl j-r,taJf/ ^j- 

^■rdfier, flnJ i^sdt^ihip in itFaa faini hoi hwa auainfoi^Mi J^eir irm nrxi mekmiftt frniiueij ftaw induJf 

Oiihttltt rtii/a Qfiii ffmtttll, rt^ni/of l£xlilt ireaOn^t £jialhtg3, Qtker divUiOia Make p^nfe mifkldi. aad 


BRITISH INDUSTRIAL PLASTICS LTD., I ARGYLL STREET LONDON W.l. 
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Britisli Science, the gi’eatest source of 

progress iu the ^orltl’s steel industry 


Charles Schwab, the great American Frotunaster, has said ; 
**ln the steel mdustry every great invention had its origin in 
Great Britain/’ This inventive capacity has helped to 
ntaintain British world leadership in the production of high 
quality steels for every purpose. Here you see a scientist 
studying the properties of a steel which later will be 
produced in thousands of tons. 


—And Britaiu^s steel prodiietlon is 

now tlie greatest m her history 


\VheEher for war or peacflv the most modern 
equipment is used in Brilain to produce 
millions of tons of All of it is tested 

and re-tested for quality and properties 


before it gaes to the waiting world. 
The British Iron and Steel Industry' has a 
fiiU-tirne job on hiind at present but is 
glad to be hack with aid * friends again. 
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The sreat«iE NavaJ tcmnaje Linder cnnstryalon at any ilme In a Brkiih yard wa at ih* 
Naval Yard of Vkkersr-Armstrnngs Limited:^ Newcastle-upon-Tyne. 


★ 
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T he Vicfcers Group of Companies 
has estobSished a pro'eminent 
vforid-wide reputation, its contri¬ 
bution JO the War effort In Warships, 
Armaments, Aircraft, Steei, and many 
other products represents an outstanding 
industrial achievement. 


• The vjsi resources and oct/WtLes of 

^ the Group wilt be applied with equal 

vigour to the heavy tasks of post-war 
reconstruction, 

★ 

yiCKERS LIMITED 


VICKERS-ARMSTRONGS LTD. 
ENGLISH STEEL CORPORATION LTD. 

METROPOLITAN-CAMMELL CARRIAGE AND 
WAGON CO. LTD, 


Head Office; VICKERS HOL-SE, BROADWAY. LONDON, S.W.I 


SmPTARDS AND WORKS i 

BAJtllQW-tN-nJIiN£SS * N^WC«Tl£-ON. 1TN£ • CKAYfORO, 
DARTmRD « W£rwyDd£ « SOUTHAM^TflN « WEW.OLttK 
SHtffJELD • MA^CHiSTER w BimiNGMAM 
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The British ThomsDn-NcHiEtoii Co* ithrwghout these six 
of vrar has strained every nerve and sinew to provide more, more, 
and yet more, munitions of ail kmds for the ultrmete destruction of 
the horror which has threatened the entire world. 

Not yet can the full story be told of the miracres which were 
achieved* the disappointments^ the problems which were solved in 
connection with such things as Radar, Jet Propuision, and many 
devices for the Admiralty^ Army, and Air Force, which must still 
be kept secret. 

The BTH Co. m turning frore* war to peace, will be able to pro¬ 
vide a large proportion of the electrical equipment used in Industry, 
intruding turbo-alternatoi^, generators, switchgearp transformers, 
rectifiers, mining and roWifig mill machineryp motors, coittroJ gear 
including electronic and amplidyne control, Mazda lamps of ail types 
including fluorescent lamps, lighting fittings^ and many other products. 


BTH 


THE BRITISH THOMSON-HOUSTON COMf'ANY LIMITTO. RUGBY, ENGLAND, 



A^SSI 
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The 

VITAL LINK 

Railways are the vital link between factories 
scattered throughout the country and ships 
in port loading British goods manuractured 
for the markets of the world. 

The railways did not fail the Nation or 
armed forces in their war tasks, and is the 
years of peace to come their services and 
equipment will be developed to an even 
higher degree of efficiency than ever before. 



GWR 



LNER 


SR 
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WINNING THE PEACE 

An epic effort comparable in every way to that which secured fi nal victon^ is 
deinanded of industry fur civilisation to win the peace. The amazing inventions 
elicited by the great emergency roust now be applied to the comple.’t and urgent 
tasks of reconstruction. 

The Company is proud of its great war contribution in all applications of electricity, 
including the iniportant one of electronics; and imiversall/ enriched as a result of 
the experience gained, goes forth to the tasks of recoristruciion. 

im LARGEST BRrnSH EUEOTRJCM. 
MANTTACTURJNCi ORGANISATION IN THE EMPIRE. 

EQUIPMENT POP AU- SBRVJCES JirdiMfiirfs ELECT WC PUCi PULSION, TOR A ViNG AND FLOATING DOCKS. 
AJftCRAFF CARRIER LIFTS AND HOISTS .... ELECTRONICS. RADIO, «.APAIl, COMMUNICATIONS . , . , 
ILLUhJNATION. CABLES. EhtSTHUnSTSn^ .... FACFORT AND MlN£ ELECTRIFICATION. ETC, ETCL 



THE GENERAL ELECTRIC GOMP.ANV LIMITED OF ENGLAND 
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THE CABLE MAKERS ASSOCIATION WAS FOUNDED tN THE YEAR |9dC BY THE 
PIONEER FIRMS IN THE ELECTRICAL CABLE-MAKING INDUSTRY OF GREAT SRITAJM, 

ITS POLICY WAS TO STANDARDISE THE PRODUCTS OF THE INDUSTRY. TO FOSTER 
THE PRODUCTION AND USE OF THE HIGHEST ATTAINABLE QUALITIES FOR ALL 
PERMANENT PURPOSES, AND TO INSTITUTE SYSTEMATIC AND COOPERATIVE 
SCIENTIFIC RESEARCH WITH THE OBJECT OF CONTINUOUSLY SECURING EVERY 
POSSIBLE IMPROVEMENT IN THE CONSTRUCTION OF ELECTRICAL CABLES OF EVERY 
TYPE, THIS POLICY HAS BEEN CONSISTENTLY FOLLOWED AND IT MAY JUSTLY BE 
CLAIMED THAT "C.M.A." BRANDS OF CABLE ARE ACCEPTED THROUGHOUT THE 
WORLD AS SETTING THE HIGHEST KNOWN STANDARDS OF PERFORMANCE AND 

reliability. 




I 


during THE WAR THE GREAT EXPERIENCE AND RESOURCES OF THE ASSOCtATiON 
HAVE BEEN PLACED FULLY AND UNRESERVEDLY AT THE DISPOSAL OF ALL CABLE 
PRODUCERS SERVING THE MIUTARY NEEDS OF THE UNITED NATIONS, 


NOW THAT INDUSTRY IS REVERTING TO THE TASKS OF CIVIL REHABILITATION AND 
RECONSTRUCTION. THE CABLE MAKERS ASSOCIATION TAKES THIS OPPORTUNITY 
OF REAFHRMING ITS LONG-ESTABUSHEO POLICY AND OF ASSURING USERS OF ITS 
PRODUCTS THAT THEY WILL BE SERVED BY CABLES OF UNSURPASSED QUALITY 



MEMBERS OF THE CAflLE MAKERS ASSOCIATION 


Tht An char Cibll Co. Ltd. 
ErltHki ImuLibed CAllftDdcr'i 
Ciblcl Led- 

CojinaMyl (SLidUKjF) Ud. 
Thx Cnlipirt ETtrtrl t Ci W* 
Ce. Ltd- 

CrartVpRiDn, Pirha#iiDn Lid- 
fDcrtrr Cibl#i LciLji 

fltndd 1-Ed. 

FdlirDH CifalEs Ltdi. 


W. T. Giotftr A Co. Ltd, 

Ci'HnEi.'te A Ir^fll3 Rubber 

Cd. Ltd. 

W. T. HenEe^'i T«>*|riphi 
Worhi C*. Ltd. 

Jofthion A Phillips Lid. 

Th* Irdii Aufa'frlP. Gucu-* 
Wnrilf 

Lid. miE Sil¥ 4 «ewii 

to) 


Livirppql flecTric Cabli Cn^ 
Ltd. 

Thft Lodd^ft EE&eiMc WIt^ 

Co. ind- Smiclii LTd. 

Tti-i Ha-dninih Ciblc Cb, 
Lid. 

TRf M*tno»lJc»n E^4 C.VpC 
Cible-4. Canxeru ccton Cp.. 
Ltd. 


Pli'*ll|-Gcreral Cxble Wqrki 
Ltd EKeCtnc Cn. 

Ltd.J 

Sc. KfUni Cible 4 Rifbl^^r 
Co. Lirf. 

firaLbcn 4 C^. Ltd. 

jSlemint Electric LampE 
ftltd SpppEiH Lid.} 

^caTid^rd T^lcphoncx 4 
CibJB Led, 

U-nii^n Cable Co. L[d. 


HIGH HOLBORN HOUSE. S2-S4. HIGH H0L60RN. LONDON. W.C 
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^^OVER TO YOU 


H » * 


OTAL i-iclorj In iulal ivaj Is 
cle^ |Wf>of and the viiidi- 
catiim of si Nuoqci^fa] cum- 
miiiikiiitmn s^yslciu. [t 
half hftn SmiKvssEbk to plan 
the lonK and arctwjus cara- 
puj[p2i uf tbo World YVaf^ 
impossible to bring the plans 
ID rndtion. wiiiiout the patient, reMfthk and 
Sbkilful viork of thoiu^and^ ongimcd ht tdiecom- 
municationa across the >ast theadrei of war, 
and wllhout the unnemittii^ re^aiph and 
lahour of the uidustry wiu^ suppLiial ihe 
Commimications LauipuicnL 

The tdeconkiannicutioas industn' in Britain 
has been, from the heipnninR* n TitaJ factor in 
the oatinn^s. war e^ort | and SO it Hill remaLOp 
for Its Hork is ]u^t OS essential non ihat itie 
Fflj Eastern eDcmy too is ^esied. Fur six 
years the industr^'^s capacities hole been 
^^luted unreservedly to ihe prosecutfon of the 
war, A peat deal of its work nav nf necessity ^ 
dunked by a strung bocurity siXet»Cc during 
mmh of this period. Efflcient conununlcntlons 
la war are smet commiinicarioiis ; and there 
weriT in additfucL, wimle sides of the iudustry’s 
work—alien priMluets ” the Industry calkd 
thenip inu-omaittlcaJly about which uu hint 
COUhl he allowed to Escape, so kmg M a state 
of war cuntlnood. 

Now somethinB of the st-orc may be told. Ilw 
BHtlsh teleconimimkation industri—working^ 
ns pra-cticaUy every factory in Great Britain 
had In Hozk+ under coQStant threat of air 
aiinck—suppUed the vast hulk of signals and 
lele phone equlpuictit used by ibc Armed Forces 
of the Cnmn in the LumpuigilS In the YVeytem 
Deserk North Africa. Italy and North YVest 
Europe: It suppHed, too, rhe cqnipmcnE used In 
South tlasi Asia, and ihc hiiprovlsation and 
perfection of the special [ffocesses lo tropie- 
aUse *' this equipment (i.c. tu adapt it to 
trnpical use and protect it against the numerous 
ravages of u tropical cILmate? is not the kajit 
valuable of the aebieven^nEs of the Industry In 
this wsr^ 

The Dciwurk of icIccuuimunlcatkHis, which was 
a vital pan of the air defence ot Great Britain 
in the Battle ot Britain and uuwanls, was 
supplied by this indaslry : (Igjitef pilot and 
couirol roouiH gun operations room and hatiery 
camnund post. Royal Observer Corps watcher 
on the eoaiit, meieofDkiKisi+ salvage and rescue 
party, ouot^pottcrf incident officer cifeonne 
of Ihe thousands engu^ In the defence uf 
these hlnitds^ frnra the (trsi hit-and-run raid to 
the Last \2^ rehed upon the tfleplione. 

That rckanee Ha>» su continuous and so tin- 
deviating; as to be ahnexst unremarked, in 
every kmd of military nperation, from the Hist 
cxploralury cunfcrcnce, through blue-pfint 


Stage and plEUuang and truimiig+ to the last 
numiics befure the assault, the commiLDicatinns 
System! was there ; and whatever other hitches 
might be expected, it had to be in efficient 
working order. 

Whatever the war effort demaDded of it, the 
industry performed. That is a record wnrlfa 
some pride. Extremely Jiori uf ULan power, 
with many of its best workmen and ttchnicions 
on active service ; working at constam high 
pressure ; harassed by cmimy action |ihe coof^ 
spotters of one factory alone recorded 16^7 
flying bombs within 14 hour^, many of which 
dropped near it> : writh new and growing and 
chanj^ing demhmls upon It, the Indtiftn' con* 
linucd lo produce the essential material rnmired 
of It, Hut wa^ all In dm day^a work. But, in 
ndditkai, mm^ of the indiistry''s productive 
capacity was required for the development nf 
wcupt?ns of war far oulsidc its nurmaJ range. 
The rranKLtion was rapid and full-scale. The 
list of alien products " tum^ for war 
purposes, by the lelecammimicaLlon industry 
[ncliides ; aircraft dcctrical cqurpmeriT and 
specialised Hiring, the nutomatk pilnt. the 
repeating cnmpaax, tmmb rekBse gca?^ A.A, 
pfedicloni and gun dials, a vety^ wide ronf^ of 
radiu-l[>cailon equipment f« naval, mllitBry- 
auJ air force use^ narigaimnal aids fur ihe 
Royal Navy, air-held hating devices used in 
Fidu,” radio trmsmltters and creeiverVf 
Degaussing and ■ Avdie ** equipnicni, apparatus 
for flte generarkm of special sorts of radio 
interference. Control cquJpmeni for HAT. %hips, 
airlield control devices and llKhsins control, 
anti-submarine contrnl gear, aircraft torpedo 
bomb lifts, shell boisis and conveyors for 
aircraft carriers. And even with all ihese the 
list Is not exhaiPitive. 

The industry proved itself, therefore, supremely 
adaptable as well as solidly reUahk. It gave 
of Its besi, umtintinglyt m techniod skill, 
knowledge, research aird eixperience, in woj 
serviee. \ow thal Ihe casiefn enemy has been 
as completely vanquished as wav the we^terd, 
the induslry wPI he able to devote Itself once 
more lo fuU-iimc service of the community. 
The knowledge and Ihe imprnved tedmLqoe it 
has acquired ihrom^ioiit the war will be im- 
reservedly again at the disposal of Ihe puhikt 
in the creallun and developmenl _ nf pusE-war 
I clecomiDiJinicattons. 'fbat. the industry well 
knows, is its true tusk—for the rebtiDl world H 
EoiitK to relv, as never before, nn its eom- 
mimications. 

To Ehat public service, whiEih is die concern, 
not of one city, or of one nation, bul of all 
peoples^ the British tekcommiinicatioi] industry 
is dedicated, [ts idh had lo be weU done in 
war- and ft was well done, [t will be equally 
well done in peace. 
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Tube Investments limited 


The companies forming the four 
divisions of Tube Investments Ltd. 
provide a range of products and a 


wealth of engineering skills which, day 
In, day out, are being turned to good 
account In the service of industry. 







AnPHTont CyciH l 4 d.. rd 

Rrtflrf YonM. II. 

Afeniiitno Rnifipi Ltd.. 

£3/jfbllr7. 

MJFTHinffJhdidr. 

S'mTtian Cvclfil Lid., Bmer 
flood. Aihr^. 

J. PHElSps A On. Llil., 

nr^vLcndii S’ppnrthHrfc^Jt. 

WaJum BIMl Bncwn J-Jd.. Flurnii 
Xt.. Hancfj- 

worlh, Birmtvkvn. 2 J. 


steel Tube Division 


AkIb ^cict PnElock, Ltmlma, 
0-rdAwr>‘. ^irjninjhiUn. 

.Mmfl AOanfiftore Jv^ Ctr. Lid.. 

arit^tmiii Tobe Corapansr LuL, 
GfoVe^ 5I-, Jj'rmlrtffJiflrtf. 9. 
CtieiUeilk:^ Ttdw Co. Ltd,. 

HaweH Ctjnipaiiy Llmil«3, 

lifTPw Tube WjiTts LimJiL'd. 

Cfl. Durham. 
Kailonai tube CmniMiii' Lul.p 

^in'rTcrw-fit. PprwiiaffcffW 


Pertc^ia Tid* Comply Lid., 
jiK/i^N. ib^rwiiithtfrtf. is 
ReVnoldl TuIk CtmpOiW Ltd.. 

Tjjdry. ll^nvtfHiAaw. 

Rlchfiid and Koa Uiniirf. 

Talbat-acad Tiitc Co, Ud., 

IW PEOdurtm Limlied. 

flrdiuir^. flfJHtUifhftffls _ 
Tube JtolLIni Mil£i LtifutM, 

Hr'orverfcpflPliTJi. 

Ruei? d 4 -aiopi, B limn iS. 

WeldlEk Steel Tube Co. LuL. 

tl>4/ftri|ie-Jd. W^crlumwtan. 




Alumiitium Division 


Hlrtimim hon r.^PfUtanbciS) LlmLlsd. AJ. floinf 

.noHrA. &cieA.T. 


tiUlLunJjtJum fftntiab Eaporu) LlmJccd, J. B^ctmrhom FJaef 
ii'fulrTTJtiArr'r. S. 


Rcymrfdl H-tsUliti MiUj Llinitcd, Bow Ball Watfil. 
Tr^eirr, IffrrsTinpAam. IL 


E.Cyni>}dl Tube: CuetiChUiy LnniteiL Bdjf Bm troTki 
TT^ffisy, BJrr^ifMfAffsn. il- 


Electrical 

Divisicn 


iGowiaidEb LlmdE^. Sr. f^i * 
' Str^. Wtiinlt. Siefft. 

MeMer CtlWe WDIki. Llmltfre 

Lan&r Bpffiit. LiVtmoaf. 

MelaQk: Sfidlttliai Tu.be L3 d. Lid.. 
LudfOif liilf. inr-jrnbra^Aflm-. J. 

SiEnpfcx EJHztric CtjinpiJiv Lid n 

BresfH’etf H'oriqii, Djfftury, 
Bifinlnwhimt^ 


Associated 

Companies 

Overseas 


British Tube MiDB 

jAuilizlia} Lull., 
d eCefiitdr. Soulk A PlirnoMo^ 
Biiliib Tube: MjQB 

Atva:S‘'} Pl3^. Lldn 
JchinrnejfHirT. So\ith Africa. 
Sunpkx Electric CO. 

iSomb Africa) Tiy. Ltd^ 
JoAflpneji^pjr. ftjralh Africa, 
i. A. Fbintpt i Co. 

(Souils Africa} Pit. Ltd.. 

Afrm. 














Greal Bhiaw, geo£riifiiitd anhi cf ths liPUl fmdim t&nspsri mrcrq^ in caU^rj of si^ 

mass^ is the io^eal centri ^ world air transport perfcrmanoe^ Heirs to a matchless tradition 

iadastrj. Frtsh frcm trium^ in the ^sign and ^ m /At Setten SeasM pioneers of Jet propulsioti 
production ^ the mdstmdifig armhat planes^ md thij are meeting^nd eniil meet-^ve^ 

Britisk designers and engimers are now perfecting demand of the air age of Todajf and Tomorrow* 



BRITISH 

AIRCRAFT 

INDUSTRY 


triumphant iVi war 

NOW BUILDS FOR THE 
AIR ROUTES OF THE WORLD 


ANNOLTNCEMENT BY THE SOCIETY OF BRTTTSH AJECRaFT CONSTELTCTTDltS 


LoHtXJtJ ^ 


OfCLANH 















TURNERS 
ASBESTOS 
CEMENT 
CD. LTD. 




THA^fi=Oli& 

P Aft It 

MANCHESTER 


ASBESTOS 

CEMEWT 

aUlUDINC 

PRODUCTS 


EVERYTHING IN 


TURNER 


ROCHDALE 

LANCS 

ENCLAMD 


NEWAUL 

LTD> 


MAGNESIA & ALUED Pli^QDUCTS 


y BRWtE Ik ^ 
CLUTCH UHINCS ^ 
LAMBWfTD PLASTIC^ 
STAiR TftiAPI h 
AUTOHOTEVE j 
FAW BELTS A 


CHAPEb 

6 N-LE- 

FRITH 

DERBY5 


F£R0E>0 

LIMITED 
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has bjeerv ach>fved 


'/Mop renjalns : Xo ra-start' oUr kreat peae^^ 

/f ^ / / \ ‘ ^ ' i \ 

in^u^ries, tXat ii\e Worl^warXX 

/JT>^ /Brftish limu^ry wlN \gra^i^H^:itf-and^ 
thanitfulm-/sw/tch back to peacetime irofiuf^ion. The 

T /\ X 

great enginfeeiangX organ (sat f on of M E 0 if O LIT A ^ 
X V I C K E ^ s/Woi^ to have done s^i during the 

Yi. / \ \- ^ /j 

war ^in/makiru H^e tools \cheyob,''^ 

pnomerNstill produce I'p >t^sx/// 

\ i \ \ / / \ 0 

anti ties E he e tx 1^ Equipment j ofM 

NMevery conceiva^e klntf to assist in ‘C^// 


construction 


RE■ ST ARTING IND USTRY 

—-'I---r«- 'A 

^ One job Ls done— 
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Tf7iaf alyoiit this 

for EXPORT? 

* Many of tbc ligttboiiseii m ibe world art 

and Imill by Cbnnce Brolbers—-tb^ famoue 
Engbsb glflsa-iiiak<?rB ajsid en^^eere* Tbe 
market for lighthotLseB ts limited^ bot tbere ii no 
limi t to tJie Ekill in gln^'inaking available 
to anv citstoiner wbo wanta to win ei^port markets 
und wbo will consult witk dbancc Brothers. 

Chance Glass 

FOR SCIENCE, INDUSTRY AND THE HOME 

CHAMCE BROTHT-Hia LTD. —GLASS-.MAKERS SISCE 1^14 
HEAD OFFIdh AND WOFICS; SMliTH^PTCK, BIRMINGHAM 
LONDON OFFICE j 10 PRINCES STREET, WESTMLSSTERt S-W.j 
SCOTTISH WORKS : FTRHILL, GLASGOW. KW, 
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Specicdists in Applied Asbestos 

Asbestosj ^^ miracJe among minerals,” wrought wonders in and for 
Britain during the years of supreme trial and efi'ort, wrought 
wonders on the seas, in the air, in North Africa, in Italy* on the 
beaches of Normandy and in the heart of the enemy's country. 
The full dramatic fsiory inclndes giant partitioning ciirtame for 
air craft-carrieTs, asbestos hose for planes and aerodromes^ fire 
protection and insulation of fighting vehicles and aircraft cabin* 
heating systems, dyed a-shestos cloth canopies for tanker-lifeboats, 
high-pressure oil jointing for Fido,’^ packing for gun-moim tings, 
asbestofi suits and armour for fire*figbting.. The thousand and 
one problems swiftly solved iu engineering works with the aid of 
asbestos enhanced and expedited Brilish efficiency and prowess. 
The llheratlon of Europe w as speeded. 

Having evolved new products in hours of emergency, w^e are now 
eugaged with all our mighty skill andknowiedge in making ready 
to assist the work of reconstruction and rehabilitation everywhere» 
As scientific specialists in npp/reJ asbestos we have seventy years^ 
experience to call itpon^ The outstanding (pialities of ashestos. 
resistance to heat, to acids, to alkalies and in particular an 
amazing dexihilily. are of moment to industry. 

Correspondence is incited directly with ours^elves^ through our 
accredited fo eign and colonial agents, through our subsidiary 
conipam'es in the Dominions. 

Engineers of every nationality can put their problems and 

ideas before us and be assured in advance of full ca^operation 

and service. 

BELLAS ASBESTOS AND ENGINEERING LIMITED 
SLOL’GH, BUCKS Ki\GLA\l> 

^ (liictudhig 10 in tlic DumlaJuiLs) 

Agencies throngbont the World 
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IFRITING 

COMMUNICATIONS 
HISTORY , , , , 

F rom the day when a drcd voice on cbe radio proitouticed 
England at ^var^ down to the moment which saw the defeai 
of our last eiiemj\the fateful yeaw iiave made heavy demand^ 
upon world commimicatiDns. Standard Telephones and Cables 
Limited, conscious of their trusteeship, have met and overcome 
the challeogc of war, with its heavy responsibilities and its legion 
of problems, not the least of these being that of reconciling the 
insistent demand for increased prcxliiction with rapidly decteas- 
ing staffs. 

Speed was vital. 

With the enemy thundering at our gates we had to plan and 
devise faster, and with greater skill and foresight than ever before. 

We succeeded. Working around the clock — the calendar — 
the world—we saw to it that the national administration^ the 
manifold demands of industry, the forces in the field, were served 
to the full. 

Great as was our effort, fot us It was not enough. Through 
all our didicuJties there shone, like a homing beacon, the day 
tvhen we should be able to apply aU char had been learned under 
the stress of war to the more normal needs of mankind. 

—and so mto peace. 

Standard Telephones and Cables Limited now turns its vast 
resources to the requirements of a new' indusedaJ era and is ready 
to devote its wide experience to the peaceful needs of hnmanit^^, 
to create a standard in telc-communlcations that has never before 
been achieved i to develop new techniques and new efficiencies 
and, before the everlasting shrine of world peace, to draw the 
ends of the earth more closely together. 


Standard Telephones and Cables Limited 

CONNAUGHT HOUSE, ALDWYCH, LONDON. W.C.i 
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The Creative Spark. On this depends the future progress 

of the world. In the field of electricity it has inspired the 
production of efficient and economical equipment—to 
the benefit of mankind. 

Crompton Parkinson will maintain their leadership and 
continue to make their contribution to progress as they have 
done since the earliest days qf the electrical industry'. 


AX., D.C., 
Auta-SynchrotiOiu and 
Fnicdoiinl H.P, 

Genera tojrs 
Alteniatar3 
SwitchijKir 
I'ransftjrniers 
Instruments 
Meters ■ Cables 
TniirtiDn ICiiuipmenl 
EJeciric ^ ebJcles 
Elcclrfc Tnaeks 
Batteries • l.4imps 
Lighting Equipment 



CRompTon^pnRKinson 

flECritrCAi EQUIPMENT 


CFtOMFTOI^ PARKJNSON LllilTED 
LONDON OFFICE: Eiectra Hpuse. Victoria EmbankmErn, 


W.C2 


There nre Crompton Psirj^ inson and mssociatcd Taciun tbroughuni ibc Britif n Em^ ire 
und BriinLhcs suid Agents in mo&L of ihz prineipnl couniri(Ef?i rif the world 
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17^ RESEARCH & RESOURCE 

feei to /\eAi€9/emen t 


Ti 


*HESE ]s.st f*w vears have 
imposEJ many iriak and 
tesU upon indiiStry. Rjpid 
iniEi^iiiGEi fjom pe^ce ti> war 
prodiictiDn :Lnd sudden demands 
due fo emergency ha^c called fpr 
the highest skni and resource. 
Mere improvisadon would have 
been unavaiSmg, ERpcjicricc 
reaching far back into ptc-waj- years was necessary lo 
meet the new et^nditions. Bowrans were fortunate in 
poMKisine both the iicccssary cipcnence and knuwkd^. 
For years their icchnicians had made a li^arefiiL study of 
corrosion and kindred probEems- 

new and varied demands 

In this sense they were wdl eciuip^kcd to tticci the 
emericiicyi hut the change-over demanded by war 
conditions at the outsei produced many prohlcms- 
Onc example of this wos o request, without wismme, 
for an extremeiy large ordef for camouflage paint to 
be compkeed within a week. Half the request was 
proniised and duly fulflllcd; and in the four years, that 
fotlowed mihioas of gallons were ttymufactiired and 
delivered, Tbc Bailey and Inj^s bridges, which proved 
so essential to our rapid advance in Europe, had to be 
treated with spiciaJ paints, Bowmns mid^ironze gnicn 
selected for this purpo^p;many thousBuds of gallons 
being ciii];doyed> 


PROBLEMS FOR THE CHEMICAL 
ENGINEER 

In addition to supplying and-corrosives, BowTans w'ste 
coded upon to solve tnany proWems in their capacity 
os Chemicol Ertgineers, rather than, fiokly as paint 
manufHcnjrcTSr For instance, they devised specitJ 
compoujids for the protection of cable drums against 
bacierui and inDistLire- When the dcsHussiTig method 
w'as adopted to counter the magnetic mine^ Bowrons 
produced the conipcMjnd required to protect the wire 
iigaiiiii diimagc and corrosion, and indeed delivered 
large quantities. Then again, shortage of timber for 
ships^ decking called for ptisdc deck shEathing, while 
Eiir aitiurks at -tcEi demanded pLastk " armour to protect 
the crews. Edwran^ solved this difficulty also, and 
suitable material was supplied to tmmy hundreds of 
ships. 

TECHNICAL ENTERPRISE 

As demands increasedt output rose to tonnages amouni- 
ing tP many times pre-war totals, and while smusits trf 
ouipiit may not convey much in these days of astro- 
nontica] flgures^ the expansion in quaniiiy, apart from 
the new varieties of pr^ucts, indicales an achievement 
in whkh Bowrans take pride- Enterprise in tochmcal 
miuiers has always been a charjKterUtic of Bowrans. 
During the war these activides have been iniensified due 
to Bnergency, adding greatly to an expefience which 
was already comprehertsive- The contmuaiKK otf 
research work will result in a d4^mte benefit to their 
friends at home and overseas, now and in the futum. 


ROBERT BOWRAN & Co. Ltd. 

PELAW. GATESHEAD. 10, ENGLAND 

Tel.: FELLING mHf? 
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RAYON 


A CARDmAL FACTOR IN RAISING 
STANDARDS OF LIFE THROUGHOUT 
THE WORLD 


D uring the first forty-five 
years of the present century, 
rayon has given abundant proof of 
its ability to establish a higher 
standard of living for many millions 
of people. 

To-day, when the whole world in 
general, and the European Continent 
in particular, is experiencing a serious 
shortage of the older textiles, rayon 
w'ill undoubtedly be the means of 
alleviating the situation. 

Paradoxically, in the midst of war 
tremendous advances are achieved 
in the pursuits of peace. This is 
noticeably true of the rayon industry, 
as will be realised when the time 
comes to place the re.suU of war-time 
research at the disposal of the civilian 
market. Courtaulds, as the largest 
manufacturers of rayon yams in 


Great Britain, can with justice claim 
a share in the development of new 
uses for rayon. 

There will be rayon carpets for post¬ 
war homes. Rayon sheets, towels, 
and table cloths are setting a new 
standard in household furnishings. 
Spun rayon yarns, either alone or 
blended with wool and other fibres, 
produce doths of exellent quality for 
suits, coats, and other items of 
jrersonal attite. Rayon cord carcases 
for tyres have proved to be superior 
in strength and durability on all the 
battlefields of the world. 

Courtaulds Limited believe in the 
vast potentialities of rayon, not only 
as a textile of immense and varied 
usefulness, but also as a new force in 
raising the standard of living for 
the many. 



THE GREATEST NAME IN RAYON 


ISSUED BY COURTAULDS LIMITED, IS ST. MARTIN'S L£ GRAND, LONDON, E.C.l. 
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THE <»Ot.DEN ARROW SERVICE 

Providing pow^rforthc Goidtn Arraw Wre^ess Stotmns wai many wdys in wfiJcfr Uiter cn^jjies strv^ th^ 

nation ifl war. Aftef th^ invanion of Notih Africa ond daring^ t/ic Jim-fl^ron of Prancm and Germany wnf re^rts ware 
traiiimitted aii uvEr iht Mfid by Arrow Wirefess Station^- A G*^<^tn Arrow Wine^Ess Station- provided the 

fierJin iink ta Lmc^ dunng the Toffee iPawer C^a^jPercncc. 


WAR CONTRIBUTION 


During che war Usters contributed to the war effort 

100,000 Engines (totalling over 1,000,000 h.p.) 

10,000 Generating Sets from to 24 k.w* 

A,000 Marine engines and auxiliaries 
10,000 Auto Trucks 
Over two-million Shells 

Over half-a-miNion key aircraft and other componenU 

and. to increase butter fet and food produalon. over 25.000 cream separators and 
28,000 tractor ploughs. 

The vast fnanufacturJng resources which made these supplier possible are now being 
converted to meet the requirements of our customers in all parts of the world, and 
It w]ll not be long before we are able once more to offer that service which in 
happier days made the names of Lister and Durstey a symbol of efTiciency. 


R. A. LISTER & CO. LTD.. DURSLEY, ENGLAND 
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WAR if FORT 


Atm- 

POST 
/WAR 
PIANS 


^ 2,500,000 

millians) of ihe 

calibre roanufactured for the / 
war were produced by B.S.A. / 

Among these weapons were:— / 

Besa Machine Guos for Taiiks. / 

Browning Gims fiaed m Fighter Aircraft which / 
won the BartJe of Britain, 

Hispano ZO miri. Cannon for AircrafL / 

Oerlikon 20 mm. Cannon foi the / 

Admiralty, / ^ 

Service Rifles* and many o±er mimi- / 
tions of w'ar too numerDus to detaJ!* / 

&om Fuses to Gun Carriages. / 

Out of 4 QO:fX }0 Motor Cycles / 
supplied to British Forces by the / 

British Motor Cycle Industry'j / Wiih the compbtiQa of wnr commitments B.S.A. is able to 
tl5a<KiO were produced by / $ witch vast resources to the production of an ever mertasing 
B.S-A. ^ / nurnber of Bicycles and Motor Cycles for the export and home 

The Foldio^^ markets^ B.S.A. post-war Bicycles will lead the way in design, 

^ , iir Parachute / appearance j Lightness and comfort, embodymg a number of adv'anced 

TrlTps Terc dt^ / Matures exclusive m S.S.A. 

signed and manu- / B S.A post-war Motor Cycles ate the result of unpamlteled wartime 
fa c t u red by / experience and of the iagenuiiy of B,S.A. desigrters who ate practical riders^ 
B.S.A- / backed by comprehensive research ladlities- 
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B.S.A. CYCLES LTD., 


BIKMINGHAM, 11 
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^■GACO” SEALS AND GLANDS 

In %h^ most famous of all pipe-lines, the moat yical 

part was the secrtian which crossed the English ChanneL On 
the efficfency of this part depended the sotcoss of the whale 
achievements It required a plpe-linep wiidt flexihle joints to 
allow for currents and tidal movements, yet capable of preven¬ 
ting both the Ingress of sea water and the leakage of petrol at 
high pres5ure+ ^'GACO " seals and Joint glands were chosen 
after much expeiiment, during which the oiF seals and glands 
were suh;c-ted to a test pressure of 3,0(M lbs. to the square indi^ 
Thei r success i n operation Is now a matter of engi neerl ng hFsto ry. 

SYNTHETIC ^ ^ ^ ^ 

GEORGE ANGUS 8t CO., LTD. 

fLUlO SEALiNG ENdNEERS 

OIL SEAL WORKS. NEWCASTLE UPON TYNE 


Our stoff of qi;Aoil- 
fied technieffl 
speefohstr Is at 
your service- Con- 
■uh tis and we will 
solve your reeling 
problams. 
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CERAMICS 

on Active Service 



"p*ROM the outlet of the war^ great demands were made on 
^ the Royal Doulton Potteries. Ejccept for suppl>iEg itiinimum 
Civilian needsj the whole of our manufactiiring resources, in six 
Jarge Workii* have been concentrated since 1939 on producing 
materials which, directly or mdirecUyj were vital to the success-. 
ful issue of the war. 

tell the full story of problems solved and difficulties over- 
come is not possible here ; it will form the subject of a 
special brochure now being prepared. Meanwhile, the following 
brief details may serve to indicate the scope of our cotiiribntion 
to the general effort* 


CHEMICAL STONEWARE 

Its Tcxtstani-e to rorroililiri^ freedom hcim 
con ca minAtkui- fljodbility' or destgi!! h 

made I>DuJton Chcmicsd Sionoware bidis- 
peiuablc in nmny Ildds arid tl has play^cd 
i mp ortant part ni the manuTactUre of 
expIniVD^ udeu, chemicats, foodstufis 
3 wide ran^c of other prodticcar inctoding 
M. & B- dru|^ Mepacrine^ Penicillin, 
D.D.T.t Anti-gait Ointment o£id 
AnsthetiizB. 

LABORATORY PORCELAIN 

Vi^ithauC auured sUppJie frf Labocatoiry 
Fnrcda-iii, scientific research WOtlld have 
been gravely impeded. Far-reaching w ar- 
dmedoelopmeltiti ifl eXploii chemicab^ 
meialhirgyi photography, plastics, medi- 
diic and tmM pfsen^arinn ow^ much to 
the availability of this matnriaL in the 
manuiactLire □f whinoh the Ro>'al IDtalitun 
Pbllcrica! Were pion*erSr 

MAINTAINING EXPORTS 
Besides latisfyiug requirement at Home^ 
vast quantities nf msuiatoia, chemical 
ware and. other pjroducts had la be shipped 
CK'crscas to meet special war needil. EjC'- 
ports oT tahlfiware also helped to provide 
valuable foreigTi ciccliange for the purchase 
of essential imports. 


ELECTRICAL INSULATORS 

For maintaining commuiiicatioEEi by 
ksE^cabtc and telephone; for radiolocatipnj 
and for distrlbutun^ cuxtcdi to faciortea^ 
dfOcLs, offices and hornet — as well as to 
electric railways And other services —yv 
impplied mtiliacLi of msutalor^ of varied 
shipcs and sizeij many designed in our 
□wn djBWifig ofSccS. 

SANITARY FITTINGS, ETC, 

Domestic demands praciirahy ceas^ but 
there wa.4 an immenie output needed In 
the COrLSU-Ltetion ot ^etarieSj aerodromes, 
camps, canteens, hosieh, hcapicAb-, and 
sitnitar htiiidings. £>opcr cmt. ofour totai 
production ot jiailirar>’ fireclay and stone- 
ware drainpipca Was toncein iraied on re¬ 
quirements connected with the prosecution 
^ the war and bomb-damage repairs. 

ENGINEERING ACTIVITIES 

Despite bca^y demandi on our En^mecr- 
ing SHo|;hi^ for maintaining plant and 
Bssonbling fitted wares, nearly l>ocw 
orders for machine work Were undertaken 
to Impcirtant EngineeriiEg Finns to 

cope with Lhc demand for gun-mDuntingSt 
gun-carriage gear,, shell plant looh aod 
foigings* 


I MPORTANT developments in raw nxatcrials, glazes and methods 
of making and firing will influeiice pof?t-war production and further 
enhance the iiside-world reputation which Royal Dqulton products 
have attaincch during the past 130 years, alike in the spheres of art 
and industry^ 


DOULTON & CO. Limited 

Head Office; DOULTON HOUSE - LAMBETH - LONDON, S.E.I 
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Aluminium Alloys 

in every 

Cast and Wrought Form 

^ © 

Tlir MIDUMIXTUM scHca of ligti oUoyB in all cast 
and >vrougJit forms is manufactured by 

HIGH nrTT ALIMOVS LTI» 
REYMIILDS TrnK C». AT1> 
RKIAOLD^ ROIAAAG HILLS LTD 

In order to accurc thn best use of HiduminjiUn light 
alloys tbo accumnlatcd tecbniE;:^] knowledge and practicid 
experience of rhi» important group of companies ia available 
tu all fabricators tluongb 

niDUHIMimi APPLICATIONS LTD 

Fabiiicatfirh. and coaEtroctorA may 

ubtain further inforRiation by Bending tbeir intjuiriri ta 

IIIDLHINIIIH EXPORTS) LTD 

5 fiUCKI2(GHAM PLACE. LONDON, S.W.L ENGLAND 

HIDVMINIVU 




BRITISH ENTERPRISE HAS BEEN 
exempliBcd iluf iitfl lire T?ar bj' tbe leolErer and 
n^ssociAlcil iitduiitri^ in AGLandcr that ^ontHbuipd 
valiMMe serricc! tu tht arnred rnnres and Lhilion 

populatifHL 

BRITISH leiilhcr pdTDductrs have labourod 

under rgaitlmml hnrduliip of Tesirtct^d supply' of raw 
nmtcfials, madeqiinte lalxinr araL \a ioine EDStaiK^, 
improvis^ prndui^IlQD dtrein nvmv csssa 

to the freqirent air attacks. Thesp dlfficuitk^ ha>e 
be^ burmoonied with unqualified sucrcess and to-day 
British laaiher heis improved under Ttre f^timuluiii of 
■wm reaches ^vtundords of qunJity and dtmrhllJty 
Ewi prevloiKly aiialned. 

BRITISH shw nmnufacEurer!^ hava ptodu^^ed 

miEloos of pairs of footwear for ihc x\lUed Forces 
and mainfainml a supply for home needs hi accordaiice 
wftfi regulated output nnd pr^rilred stundafds of 
prd^nctlon. In Ihe fare of semre eurtalhnent of 
lAboor, ahsenct of naimal tjlies of materials suited 
to spccioJ etusses of majnifaelure, Biituih footwear 
nLomifacturers have sustained ttre hume omrket and 
guarante^ fbe fuU req^nlrcmczits of the Armed Forces f 

BRITISH leather goods manufatrlurers hare 
h&Eti diverted from their uoniul! ^lities to 

vtor work of highest unpurtaiiee. In this ivaji' they 
biTc rendered a vitualde contributinn tu vidory and 
^tkied the needs of ihe fighting services. 

BRITISH belting has played on etiueUy 

prominent part in nudnlalnliv the war effort etdi 
only ia tire honiL- LEkdii-shnes but oversea!!. |a which 
miifkets all that cnuli be spared fur export hat 
been shipped. 


A RECORD 

OF 

ACHIEVEMEINT 

and 

PROGRESS 


LExATHER* Exports have been lEmilcd on 
account of war conditions, but tanrters and 
leather dressers are fully prepared to ftiiisisite 
and expund overseas conncCiiona. Sole leather^ 
roii|;h tanned kather, upper leatbcr. linings 
and f-ajicy feathers, can be produced for aU 
purposes. Supplies will be aviulable for foot¬ 
wear, leather goodA- nphotsiery, for varjou!! 
piji^oscs $uch ai itioEor cai^, ftiniitiirt smd 
airtF^t. and for many ot her needs, Produictioii 
SLtmdaids will ensure the utmost satisfaction 
of overseas buyers. 

FOOTWTAR. Restrictions on pfoduetiou. 
atylc and design have been necessar)^ duriug 
the war» while the demand for the Forces nnd 
esscntiftl needs of the civilian popuiaiion have 
curtailed LEie volume of exportousineisopen to 
British footwear manufacturers. As rcstnCtioiLS 
become easier and suitable materials reach the 
ractories in larger volume, overseas track will 
receive full altcnP'om. and markets will be 
expanded, 

u:ather goods. Greatly impeded 

by war rcstrktEons. British leather goods for 
civilian u^ have been manufactured on a 
limited scale, but vdth more iatitude granted to 
produicer^i greater cut^ntrauon on export 
market-^ wHl take place and the quality of 
British leatlier goods will again eam the 
appreciation of consumers over^as. 

LEATHER BELTING AND 
INDUSTRIAL LEATHERS, 

Exports of these Icathci^have betn maintained 
to the fullest capacity obtainable under a war 
economy and British producers arc well forward 
with plans to enhanco this trade and add to 
the piestigif already gained by these com- 
modttks in all markets of the world. 


LEATHER,FOOTWEAR AND ALLIED INDUSTRIES 
EXPORT CORPORATION LDHTED, 

l, CATHEDRAL ST., LONDON, S.E.l. 
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in addition to manufacturing large quantities of munitions and other equipment 
for the British and Allied Governments, supplied tens of thousands of ploughs 
and other Implements for farmers in the United ICingdom, as well as large 
numbers of thrashers, balers, grain driers, garden tractors, etc. An appreciable 
quantity was also spared for overseas countries supplying food for the war effort. 
With the advent of peace and the gradual return of men from the Services to the 
factory, Ransomes are planning to give special attention to the requirements of 
their friends all ov^r the Worlds 

Their productions also include electric trolley buses, electric industrial trucks for 
factories, railways, docks, etc. electric motors and dynamos, gang mowers for 
aerodromes and other large areas, hand, motor, and electric lawn mowers, etc. 

RANSOMES, SIMS & JEFFERIES, LTD. 

IPSWICH ENGLAND 
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‘MnJ he gave kjor his opinion tbai ivhoever could make ttvo ears ^ 

COTtit or two blades grass, to grow upon a spot where on^ one grew 
b^ore, would deserve better ^ mankind than the whole race of 

politicians put together.'* 

JONATHAN SWIFT 

“Food wtU win the war" prophesied Lord Wooltoo, and beyond 
question the increase of food production in the United Kingdom during the 
war years was a matter of life and death, 

Fisons contribution was the supply of over tjoco^cicici tons per annum 
of Fertilizers* both of its own manufacture — super ^phosphate, Complete 
Compound Fertilizers (Granular and Powdered) ■ Bilston Basic Slag; 
‘Nitro-Flix’ Sulphate of Ammonia — and such factored fertilizers as Potash, 
Organics, Nitrate of Soda, etc. 

The w'orld shortage of food makes it more than a self-interested hope 
that circumstances will soon permit the renew^al of exports to all overseas 
markets. In addition to 22 factories in the United Kingdom, Fisons have 
factories in South Africa and Canada. 

It’s Fisons for Fertilizers 

HEAD OFFICE: HARVEST HOUSE, IPSWICH, ENGLAND. 













INIEnitATIDItAl WIIIIl PUnilCIIY AND RESEARCH SECRETARIAT 



An aigHciiuiian for fuithcfing aU wool Jiitcrats. With I lead CWHcc 
lo London its urnTicki, which ncccA$arilv were savmly Eiujisilcd 
during the Ertend to ail mnoirka where wool is prodticed. 
uLanufacnifcd or sold. EsEsibLisiKd in 19^7 it h dn^nccd by the 
woo^Towera of Amtralia, hfew Zealand iid Souili Africa- 



Thc Sccrccariac ftnanctft upline mcoicb into cIk renik: pr£> 
perties of wml ac Tafioua rescareii centtes of world repute^ It 
mukcs ccoaomlc mvcs-iagaticiFLi of aji phases of the wool ioduBtry. 
Through I'luriotti publicity channcli it proTadetS she conautnin^ 
public with true ^[s about tb£ vestilc qualities of wool Qihrics. 
More gGneiyiy h aos as a IbltKin OlEce fur iiU who hare the 
intezteSE^ of wool at heart. 


SCIENTIFIC 

AND 

E C 0 N 0 i\A IC 
H E S E A R C H 


I>£BpaTc ciac hampering effects of [he war, fcnowJedgti ceFeIic chcnakal 
and phystCfll pn^^crues of wool has been greatly ad^atKed by ebe 
research work bfunciiid by the Secremriat. The increastngly greaticr 
imdersianding ami control of the tcrtilc properties qf wool 
promises a wider dirasiiy chon CTCf of artratdvc waot fabrics 
with CJtoeprtianal qunJities. 

Qoscly Lifikcd with soiendde reseaicb and ptihliciry, is die economic 
service of the Sccfctadat. Jc bolds a watdiMg brief tm all wool 
trade maTier^ and is ennstandy tstploring fUCW marfeets fur wool. 
It publishes u fortnighiiy digest of wool new^. 


PlIBLrOITY 

AND 

C 0 N S ll M E K 
EDllCATIOrsj 


The SecrctarcEu^s puhlicicy activlfiei Include Press and pester 
adoenislny, news and photographic serricc co the Press* Cihlbi- 
ri nn^ ^ ^hion piirades and window displays, Cpur^cs- of lectures 
on wool ate atituiged: at schools, nniter^ties and technical 
colicges, suppntTcd by iltuatestcd bcwiEks and charts. Trained 
spcakcfs from die Dominions am available lO tthc to adult; 
audicncea of cvUiy type. The ertEosive woo] j^ibrie llbfAiy Jtl 
available £l>r inspecdOiL at the beadquarters of chas sectionp 
aa* Bruton Street* Lcodonip W. 1 — wh^^ ttxpen stuff are always 
in AttendihODe tp give adiricc -and help. Th™ are also branch 
in Paris and Wcw YorkK 



International Wool Heeretarlat 


is telling the slor} of 



WOOL 

over the ivorlil . . . 


Tj^ Sf^/ar/a^ tJ /l¥fi tujirla/J ofho or an wooir all ieisqumj ^ ^ 

IHE SKREIARY, IYI^RUT^IYAt WIIIIl KflIRFIAmAT, KRAAB ItlilLUIllCS. TRAFAIEAR laiBlIiy, W.C.2 





GROUP OF COMPANIES 

I GEORCE COHEX, SONS k COMP AN V LTD. * K t L STEELFOUNOERS AND 

I ENGINEERS LTD. * T, C JONES k COMPANY LTD. * BROWETT 

i IINDLET ltd. * HETALCLAD LTD. * TME SELSON MACHINE TOOL 

I COHPAHT LTD, * THE NEW LDHD&H ELECTRON WORKS LTD, * FOUOCK, 

I BROWN R COMPANY LTD, * WESTBOURNE PARR COAL AND IRON 

I COMPANY LTD. + SOIHHAU A HAYES COAL AND IRON COMPANY LTD. 

I A Staiemeni of PRODUCTION FOR WAR 

I The foSlGwing data of cuf ConrpantM' War Effort are by no mean& fexhaustive iJnee lack of ipatn 
I prEvena GompfEhenil^lt dEscripEiOfl of m^ny of OUT ManufiaccurES and ProdUCES — bL^C the quaridtle* 
I and partkular .5 died noc jeem unwonhy of rtfiord:— 

Nanufactyres; 

I AHNUHITION, WAHUKE STORESp 

I AEAIAL HOH&S far Rllir^—a.OOO lb.. I.WM lb.. SOO lb. ind l»lb. 

= Smajlir A£nAJ Bainbl - - _ _ 

I AERIAL BOMB COnPOMEMTS - - . „ _ 

I SHELL far Filllnj—S.l', 6', iS'. S5 mm.. « pdf. I? pdr„ 6 pdr.. «c. 

I TRENCH MORTAR BOMBS P«r fflli/1*—tS' ifld ]' . - - ' 

t HflDCKfTS—CwnpiYfiEicniif — - - « ^ _ 

I PAflAVAMES 

f PlAU- equipment for TANMS—Develop^. MaiiuFiciurcd apd Flrad- 

I^ILeY BAIPOE P^ANELE—CcjFnpIcte with Comp©flenca w _ _ 

I &RIDGIKG CniBS - - _ , _ _ _ _ 

ImGLIS bridges— tampiece wkh LiundibYT^ Gear- - ^ _ 


AIROtAFT WOfIK 

MACEl-LES - 
WING DrrAILS—4ca 

ENGINE MOUNTINGS - - - ^ ^ _ 

HYDRAULIC UNITS for Rerwibla WhEElF - - - _ 

PLANT, MACHINERY, tT£iL CASTINOSp etc* 

- JONES < MOBILE CRANES - - , _ _ ^ 

-JONES' THEMCM CRANES - - ^ _ 

PETROL ENGINES 

STEAM ENGINES & AIR COMPRESSOASp up dq 5.0W cu. fo p«- rrLiPiuTt 
STEEL CASTINGS for Tuihii. Gun HouAEiriip, eK". - - 

FIVE COMPLETE PLANTS for ELECTRIC POWER STATIONS—^nc la 


4 BQ,OO 0 
l.,iW,000 
Over IjQOClpDOO 
■t^SCKI.OOG 
SYOtOOO 
Over J,]ISO,OOD 
060 

Sev^raJ HunUred SeCi 
I S,SOO 
4h000 
100 


Auuis 


4,000 
I,ISO 
Manjf HuRRfred 
Tniu 0l TlKiaia^i 


i,SOO 

400 

fjTOO 

41f 

Sl^DOO tvru 


410 

- TlMia^ndi &f Ton* 


CONSTRUCTIONAL & CIVIL ^OINEERING WORK 

I AEROPLAHE HANGARS - - . . _ _ _ 

I CONCRETE REINIPOHCING BARS - - - - _ 

I STEEL-MESH REINFORCEMENT- - , _ _ _ Over IMfl 000 m vib 

= MACHINE SHOPS, FOUNDRIES A OTHER INDUSTRIAL BUILDINGS— ^ ^ 

I FaLricatBd ind E^kikI ilJ a#er th* cdunrqr - - - _ _ Mwn Hundred 

! We A mainr pair in ih« Cfiftnirucilon cf REINFORCED CAISSONS fer MULBERRY HARBOUR- 

l alw in (he f«»v«r)r ind tr^iparus^ of isatffttiiJ fitmi: tnsm bombed w^rkf ind wiiuveL » ^ 

implant. Machinery & Industrial Equipment Supplied: 

HECONOmONED * SECONDHAND HACHINERT 

I ^='; Bantrt, CaNhwi. ind Minin* Mirtu Sh«i.M*cil Taiu o4 TYtouiaAdt 

MMhirtETif. CoBerK»ri PIrtL Ptaitit MnuJdir* 1 Rutbifr MMtlln.rr. «c. *rei ol HaelWnc. 

RAILS A STEEL SECTIONS . *o ooo Tfln. 

I 

[ We lEled aa SpJe Agenw io fbi MINISTRY OF SUPPLY (Machine TocH Cndtrol^ for USED MACHINE TOOLS 
Our FLEET er CONTRACTOR- PLANT, t&mprainf evi# I.ODD EaKWitarx, Bulfoflitfi, Cnrwi^ 
CwKrECe Mimn, he.. Im Jieen kepi wocfcin^ ig capulfy.. 


g-A- Raw Materials Supplied; 


.*■ 11 ; 

m 


FERROUS SCRAP for che IRON A STEEL INDUSTRIES A NON-FEAROlji SChaci 
for ibe FOUNDRIES and ROLLING MILLS, 

tht demc^ibian and d iuTiqndJnf at ObHsier# foduttriiJ Plinta utd ^pictur^t the u H— ** 

T1 NEGATED SCRAR tnd OLD TINS DETIMNED - - TTigiuud, «f Tmh 

TIN Prgin DE>TINIHi=j.k - - * . . ' ' *“"■«« Tom 

' - - e*or Y,g«o Tom 
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The Deeen Xaeiyator 

WTicn the Bntish army of liberatioa made its historic invasion landings on the beaches of Nor¬ 
mandy. the assault boats were guided by the Decca Navigator. The mineswerpere that swept 
a safe parage for them to pass through also tamed this revolutionary new BritUh instrument 
that continuously indicates by dial readings the geographical poairion of a ship or 'plane, and 

makes unnecessary either the services of a skilled operator or instruments for calculation and 
domputation. 



The Decca Navigator is a light, compact radio receiver that picks up sy nchronised signals &om 
land transmitting stations that set up in the ether a fixed pattern of an infinite number of inter- 
secung lines that are superimposed or printed upon a standard chart or map. The accuracy 
of this instrument is unimpaired by weather, ciimcnis or altitude. The Decca Navigator now 

makes [«acetinie sea and air travel quieker and safer for large transport and private ’planes. 

ocesan linera, trawlcra and private yachts. 


The Deeea Naeigator Company, lAmited 


I--J bRIXTODd ttOAD LONDOH SsV/.i 


TELfePHOJIl: RELIANCE 33li 
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WHEN, in due time, Kistorians turn their atteuUon to 
sorting the facts from the legends of the British Empire's 
victorious war against twentietb-ceutury dictatorship, they 
will turn to the files of The Times. For The Times., in its 
duty, records history as it happens—fully, authoritatively 
and accurately. 

To those who study the history of the past one hundred 
and fifty years the volumes of the Official Index to The 
Times are indispensable. 

In addition to its newspaper and periodical publishing 
activities, The Times also lends its resources to the issue of 
volumes of contemporary record. 

It is fitting, then, that The JTines should publish " British 
War Production," the first unbiased and authoritative story 
of what was “ made in Britain " during the vears between 
1939 and 1945. 


11 


The aims of The Tifttes are ; — To be the first, but not the 
hastiest, with the news ; to persuade and not to dogmatize; 
to be graphic without sensationalism, and to give the news 
faithfully and fully without “ featuring ” the worst side of 
human nature. 


THE^j 


^ TIMES 


tm;TIMES WEEKLY EDITION - THE TIMES LITERARY 
SLrPKLEMENT - THE TIMES EDUCATIONAL 
SLTPfeMZNT * THE TIMES TRADE AND ENGINEERING 
THE TIMES LAW^ REPORTS 



PRINTING 

■U'. 


HOUSE SQUARE, LONDON. E.C.4 


Pnaecd b» THE Tikes ZUilJuiiKij CburuiT. Lmnlca, FriinuK UDUe SquatE, LondiHi, EC.4, Esislsod. 











n 


A 


4 

J 



I 

1 

k 

I 












Central Archaeotogical Library, 
NLW DELHI. 
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Call No. “ 311 ^* 
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“ J book that is shut is but a block' 

^C^OLOG^e^ 


^ GOVT, OF INDIA 

pfpgf tm ent of Aicljflcology 

NEW DELHI, 
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Please help tis to keep the book 
clean and moviDg. 
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